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ABSTRACT 
 
 
The appearance of hybrid ceramics, also known as colono wares, signals Spanish 
contact across the Empire and materially represents syncretism between Native American 
and European traditions. Because colono wares are low-fired, locally produced ceramics 
that take on European shapes, they are used in this study to investigate how Pueblo 
groups in New Mexico responded to Spanish contact during the early colonial period, 
defined as initial contact to the Pueblo Revolt of 1680. I build a model that compares 
colono wares to traditional forms using technological variables to determine if cultural 
resilience, disruption, or innovation best characterize early colonial period interactions in 
the Southwest.  
Overall, the study demonstrates stability in the glaze-painted ceramic tradition in 
north-central New Mexico during the early colonial period. In fact, the most dramatic 
change in the glaze-painted ceramic tradition after contact is the adoption of new, 
Spanish-influenced vessel forms, with some subtle technological changes. The results are 
significant because they indicate that the early colonial period in New Mexico was 
xi 
characterized by Pueblo resilience and innovation, with little evidence for disruption by 
the Spaniards. Significant variability in colono wares across regions suggests that the 
Spaniards did not impose strict criteria on many aspects of colono ware manufacture. 
Regional and pueblo-specific variability in colono wares indicates that potters had the 
flexibility to experiment with these new vessel forms within a range of norms (or 
technological styles) specific to each pueblo/region or community of potters. Finally, it is 
clear that Pueblo potters manufactured glaze-painted colono wares, not Spaniards or other 
newcomers to New Mexico.  
This dissertation is the first systematic technological analysis of colono wares in 
the Southwest. This study shows that colono wares are an important artifact class, 
providing significant insight into the complexity of acculturation. Through cultural 
syncretism, Pueblo Indians responded creatively to European influences by adopting new 
vessel forms into their ceramic repertoire, without significant disruption to their traditions 
or loss of identity. Thus, early colonial New Mexico provides a striking counterpoint to 
Florida and the Caribbean where Native peoples were quickly decimated, with only small 
pockets of Native resilience. In sum, Pueblo potters were active players in the process of 
contact, innovating when manufacturing colono wares within the context of a relatively 
stable glaze-painted ceramic tradition. 
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1.  Introduction 
With Christopher Columbus’ discovery of the Americas in 1492, a complex 
process of entanglement began in the New World, which ultimately resulted in far-
reaching consequences to both Native American and European populations. The early 
colonial period, defined as initial contact through the seventeenth century, was a time 
when vastly different worlds collided (Crosby 1972, 1986), resulting in new interactions 
among groups and their technologies, material goods, ideas, and diseases (Deagan 1983, 
1987, 1990a, 1990b, 1998, 2001; Deagan and Cruxent 2002a, 2002b; Diamond 1999; 
Dobyns 1966, 1983; Lycett 1995; Milanich 1999; Ramenofsky 1987, 1995, 1996; Reff 
1991; Stahl 2002; Thomas 1990; Upham 1992; Weber 1992; Worth 1988a, 1988b). The 
appearance of hybrid ceramics, also known as colono wares, signals Spanish contact 
across the Empire and materially represents syncretism between Native American and 
European traditions.  
This dissertation involves a study of ceramics that covers the sweep of time in 
New Mexico from late prehistory through the early colonial period, and emphasizes the 
appearance of colono wares. Because colono wares are low-fired, locally produced 
ceramics that take on European shapes, they can be used to address questions of Native 
change or persistence after contact. Ceramics represent a complex and conservative 
technology passed down from generation to generation within communities of practice, 
and provide a powerful means of elucidating how Pueblo peoples and their traditions 
were impacted by Spanish contact. Thus, ceramics are an important vehicle for studying 
interaction and cultural change. 
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Archaeology is especially important in elucidating the early colonial period in the 
document-poor Southwest because most of the early Spanish records were destroyed 
during the Pueblo Revolt of 1680 (Ramenofsky and Feathers 2002). Archaeology can 
also provide a different perspective to that found in the surviving Spanish documents 
because it is based on the material record, which is unfiltered by the Spaniards. 
Understanding the nature of cultural change in Pueblo Indian lifeways is significant 
because these early interactions helped to shape the continuing cultural interactions, 
traditions, and identities of modern groups in the Southwest.  
My doctoral research is the first systematic technological analysis of colono wares 
in the Southwest. In New Mexico, colono wares, including candlesticks, teacups, 
baptismal fonts, and soup plates, appear in low frequencies at many settlements 
beginning in the seventeenth century. My focus is on soup plates, small, shallow bowls 
with everted rims, used as individual-serving vessels for food or soup (Vernon and 
Cordell 1991, 1993). In New Mexico, they are the most common colono ware form in 
early colonial period assemblages in New Mexico (Penman 2002). In New Mexico, 
unlike in Florida and the Caribbean, colono wares have not been extensively studied.  
Anecdotal assumptions have guided our understanding of colono wares in New 
Mexico. For instance, it is assumed that colono wares were produced by Pueblo potters 
under the direction of local Spanish religious or secular personnel, and that colono wares 
were substitutes for preferred, but difficult to obtain European pottery, including 
majólicas (Deagan 1990a; Deagan and Cruxent 1993; Goggin 1968; McEwan 1990; 
Saunders 1992; Vernon 1988). However, the idea that colono wares were exclusively 
used by Spaniards is questionable because soup plates have been found in purely Native 
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contexts in New Mexico, such as in field houses on mesa tops in the Jemez Mountains 
(Boyd and Constan 2002; Kulisheck 2001, 2002, 2005). In terms of production, the 
mechanism of technology transfer of colono wares from the Spaniards to Pueblo potters 
is unknown. For instance, it is unknown whether or not the Spaniards dictated the forms, 
or whether Pueblo potters chose to make these new forms in response to a new market 
demand. My research evaluates some of these assumptions.  
This dissertation is an in-depth technological analysis of glaze-painted ceramics, 
including colono wares and traditional bowls, produced by the Pueblo Indians of New 
Mexico. Glaze wares are a horizon marker for the late prehistory in northern New 
Mexico, and persist into the early colonial period, defined as beginning in A.D. 1540 with 
the Coronado entrada and ending with the Pueblo Revolt of 1680. Thus, glaze-painted 
ceramics provide a material record that spans late prehistory and early history. It is well 
documented that glaze bowl rims change in shape throughout the glaze sequence with the 
most obvious change occurring when Pueblo potters adopt new Spanish-inspired vessel 
forms (i.e. colono wares), such as soup plates, at the end of the glaze sequence (i.e. Glaze 
F). This change is significant because vessel form is usually considered very conservative 
(e.g. Reina and Hill’s [1978] concept of costumbre). In this case, vessel form is the most 
dramatic change.  
This study directly addresses whether other less visible ceramic technological 
changes occurred in the early colonial period. These technological variables relate to 
production steps that are not highly visible in a finished ceramic vessel and could not 
have been easily copied or imitated, but rather represent face-to-face learning (van Hoose 
2000, 2004, 2008). Technological variables, as opposed to decorative ones, are the focus 
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because these variables are likely more conservative and represent direct learning (van 
Hoose 2008; van Hoose and Schleher 2002). Any changes in these variables indicate 
significant disruption and/or innovation in Pueblo potter groups. Unfortunately, an in-
depth decorative analysis (i.e. design motifs, layout, symmetry, etc.) was not possible 
because the ceramic sample consists primarily of small rim sherds, not whole vessels. 
This dissertation is framed by the following questions: a) was there continuity or 
change in Puebloan ceramics after contact, b) are colono wares technologically distinct 
and, therefore, a new ceramic ware, c) was there technological variation in colono wares 
produced in different settlements and/or regions, and d) were colono wares produced by a 
subset of Pueblo potters, or possibly immigrants. To address the continuity/change issue, 
I build a model that treats colono wares as a separate artifact class and compare them to 
traditional forms using technological variables to determine if cultural resilience, 
disruption, or innovation best characterize early colonial period interactions in the 
Southwest. I specifically address the idea of whether there is any evidence that colonial 
period ceramics were made expediently due to heavy Spanish pressures or demand. Next, 
I address the question of whether colono wares conform to traditional ceramic technology 
or are different enough to be considered a new ceramic ware. Then, I examine ceramic 
variability within and between settlements and regions to determine whether or not the 
Spaniards imposed strict criteria on colono ware manufacture. Finally, I address the 
question of who manufactured colono wares by examining the structure of potting 
groups.  
Multi-scalar analyses are employed to evaluate whether there were significant 
changes in such variables as vessel construction, surface treatments, decoration, vessel 
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size, and composition, through time and between vessel forms. The analyses are both 
macroscopic and microscopic, and include formal, petrographic, and chemical analyses. 
Petrography is central to this study because of its power to elucidate mineralogical 
variability in the geologically diverse Rio Grande region. Temper types are the 
fundamental means of separating glaze-painted ceramics from different production 
locales or pueblos (Shepard 1942, 1965). Five temper types are most relevant to the 
analyses, and include augite monzonite used in San Marcos Pueblo ceramics, hornblende 
latite in other Galisteo Basin pueblos (or Tonque Pueblo) ceramics, sand/siltstone in 
Pecos ceramics, vitric tuff in San Gabriel del Yungue ceramics, and Pajarito andesite in 
northern Pajarito ceramics (possibly San Ildefonso or Santa Clara Pueblo). The 
petrographic analysis also provides information on how the ceramics were manufactured 
in terms of composition (i.e. clay to aplastic to void frequencies) and the relative level of 
clay and temper processing (i.e. void frequencies, temper size, temper angularity, and 
temper sphericity). The formal analyses provide information regarding how the ceramics 
were made by measuring macroscopic variables, including morphology, surface 
treatment, decoration, and firing atmosphere. The chemical analysis (i.e. instrumental 
neutron activation analysis) is a bulk analysis used to complement the petrography for 
sourcing the ceramics as well as for addressing whether a subset of potters made the 
colono wares. Because of the low frequency of colono wares, I hypothesize that only a 
subset of the Pueblo potters produced these new wares. This hypothesis is tested by 
comparing coefficients of variation and chemical composition groups between colono 
wares and traditional vessels. If only some of the Pueblo potters made European forms 
(colono wares), they may have had closer associations (intermarriage and/or servitude?) 
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with the Spanish colonizers. Additionally, Spanish colonists may have had to take on 
many Pueblo Indian traits to survive in New Mexico, far removed from European goods 
and luxuries.  
This study includes large, multi-regional samples and is the largest technological 
analysis that incorporates historic, Pueblo ceramics since the ceramic research by 
Shepard (1942) and Warren (1977, 1979a, 1979b, 1981a, 1981b). By studying large 
samples of ceramics from several sites, the study can address the question of Spanish 
hegemony in New Mexico. The large samples elucidate variability across settlements in 
different regions that experienced unique histories, including mission and non-mission 
settings, representing different kinds of places and use across New Mexico. Incorporating 
four localities throughout north-central New Mexico allows for meaningful 
interpretations to be made regarding the overall effects of Spanish contact across the 
colony of New Mexico, as opposed to site-specific change or stability, which is important 
because the Spaniards (and Pueblo Indians) were not just in one place.  
Overall, the study demonstrates stability in the glaze-painted ceramic tradition in 
north-central New Mexico after contact. The results are significant because they indicate 
that the early colonial period in New Mexico was characterized by Pueblo resilience and 
innovation, with little evidence for disruption by the Spaniards. For instance, there is little 
evidence of a shift to expedient technology after contact. The most dramatic change in 
the glaze-painted ceramic tradition after contact is the adoption of new, Spanish-
influenced vessel forms, with some subtle technological changes. Significant variability 
in colono wares across regions suggests that the Spaniards did not impose strict criteria 
on many aspects of colono ware manufacture. Regional and pueblo-specific variability in 
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colono wares indicates that potters had the flexibility to experiment with these new vessel 
forms within a range of norms (or technological styles) specific to each pueblo/region or 
community of potters. Finally, it is clear that Pueblo potters manufactured glaze-painted 
colono wares, not Spaniards or other newcomers to New Mexico. However, the results 
are inconclusive regarding whether or not a small subset of Pueblo potters manufactured 
colono wares. In sum, Pueblo potters were active players in the process of contact, 
innovating when manufacturing colono wares within the context of a relatively stable 
glaze-painted ceramic tradition. 
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2.  An Historical Understanding of the Intensity of Entanglement in New Mexico 
The Spanish Borderlands are defined as the frontier of the Spanish Empire in 
North America, stretching from Florida to California (Bolton 1921). History has set the 
stage for understanding the nature and intensity of contact between Spanish colonists and 
Native peoples in this region. In this chapter, I compare contact experiences across the 
Southwest (i.e. New Mexico) and the Southeast Borderlands (i.e. La Florida and the 
Caribbean) by examining presumed facts of history (Weber 1988). In the Southwest, I 
focus primarily on the Eastern Ancestral Puebloan groups living in the northern Rio 
Grande because early Spanish settlement was concentrated in this region (for Zuni, see 
Ferguson 2002; Kintigh 1985, 1990; Mills 2002; Smith et al. 1966; and for Hopi, see 
Capone 1995; Montgomery et al. 1949).  
Historical factors, including differing numbers of Spanish settlers, Native 
mortality rates, labor demands, and forced relocation practices, are used to infer 
differences in intensity of interactions across the Borderlands, which likely had 
implications for differential survival and change of Native peoples. The consequences of 
these different contact histories resulted in a range of impacts along a continuum from no 
Native change to massive change. Based on history, I infer that interactions between 
Native peoples and Spaniards were significantly less intense in the Southwest than in the 
Southeast during the early colonial period. Because interaction was less intense, there 
was less disruption in Native lifeways in New Mexico as compared to Florida and the 
Caribbean.  
Even though historical accounts are partial, biased, and incomplete, they provide a 
context for understanding the consequences of contact in terms of the nature and 
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magnitude of disruption or resilience among Native peoples (De las Casas 1992; Hackett 
1937). To highlight differences in intensity of colonial period interactions, and the varied 
experiences of Native peoples, in New Mexico and the Southeast, I examine several 
aspects of the contact setting, including the timing of contact, numerical strength of the 
Spaniards, geographic access, Spanish economic and relocation practices toward Native 
peoples, and timing and number of epidemic outbreaks (Table 2.1). These historical 
factors relate mostly to what the Spaniards were doing during the early colonial period, 
not to Native actions or responses. Even though Native peoples were active participants 
in the process of contact and their responses varied greatly, we must first consider 
historical factors because that is the basis of what is known. The results of this analysis 
will be evaluated later archaeologically. Using Table 2.1 as a guide, I compare and 
contrast each component of the contact setting across the Borderlands, and infer that the 
Southeast bore the full brunt of Spanish contact, with New Mexico more removed in the 
“backwaters” of the Empire.  
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Table 2.1.  Nature of Contact in the Southeast and Southwest 
 Southeast Southwest 
 Caribbean La Florida New Mexico 
Timing of Initial Contact 1492 1513 1539 
Timing of Settlement 1493 1565 1598 
Spanish Towns La Isabela 1493 
Santo Domingo 1497 
Puerto Real 1503 
Saint Augustine 1565 
Santa Elena 1566 
San Gabriel del Yungue 
1598 
Villa de Santa Fe 1607 
Geographic Access Easy Easy Difficult (overland travel 
took 6 months) 
Size of Spanish Population  3,000 in 17
th
 C. 25 in 1601 
2,000 in 1680 
Military Presidios Yes Yes No 
African Slaves Thousands Thousands Very few 
Churches/Mission 
Communities 
 38 missions in the 1650s 50 churches by 1629 
Forced Relocation 
(Reducción/Congregación) 
Yes Yes No 
(except in the Jemez Mtns.) 
Spanish Crown Support Yes Yes Limited 
(Spanish friars/missions) 
Supply Caravans Annual Annual 
(1-3 times/year) 
Every 3 years 
(up to every 6 years) 
Spanish Economic Practices Repartimiento and 
Encomienda 
Repartimiento Repartimiento and 
Encomienda 
Epidemics (prior to 1680)  18 3 
Indigenous Population 
Change 
Extinct by 1518 Extinct by 1700s Survival 
 
Timing of Initial Contact and Conquest 
European contact in the Americas began with Columbus’ 1492 discovery of 
Hispaniola in the Caribbean. The early conquest of Hispaniola resulted in complete 
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genocide of Native peoples by 1518 (Cook 2002). As Native populations died, they were 
replaced by thousands of Indians from other areas as well as by African slaves (Kiple 
1984; Kiple and Higgins 1992; Riley 1995). The Taino Indians, who occupied the 
Greater Antilles where the earliest and most intense interactions occurred, experienced 
rapid decimation (Deagan 1990b).  
In Florida, initial Spanish contact occurred roughly twenty years later than in the 
Caribbean, and was characterized by several unsuccessful attempts at permanent 
settlement. First landfall occurred in 1513 with Juan Ponce de León. In 1521, Ponce de 
León returned to Florida with a goal of setting up the first Spanish settlement. His efforts 
failed when he was mortally wounded in a battle with the Calusa Indians. In 1526, Lucas 
Vásquez de Ayllon led an expedition of six hundred colonists to coastal Georgia. Ayllon 
tried to establish a settlement, but it survived for only three months before most of the 
colonists died, including Ayllon, due to starvation, disease, and Native violence. In 1528, 
Pánfilo de Narváez led the first major incursion into Florida. However, only a handful of 
Spaniards survived the ill-fated Narváez expedition, including Alvar Nuñez Cabeza de 
Vaca. Cabeza de Vaca and three others traveled across the Borderlands for eight years, 
from Florida to New Mexico, finally arriving on the west coast of Mexico (Kessell 2002; 
Weber 1992).  
Notwithstanding early attempts to colonize Florida, the first major entradas into 
Florida and New Mexico occurred at approximately the same time, almost fifty years 
after Columbus’ discovery of Hispaniola. From 1540 to 1542, two major Spanish 
expeditions set off to explore the Borderlands. Francisco Vazquez de Coronado traveled 
from Mexico City to present day New Mexico and the Plains; Hernando de Soto traveled 
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across large parts of the Southeast. Coronado and de Soto both hoped to find mineral 
wealth and rich civilizations equal to those in the Aztecan cities of Mexico and the Incan 
cities of Peru. Myths persisted that the Seven Cities of Antillia existed somewhere in 
North America. These rumors were heightened when Alvar Nuñez Cabeza de Vaca 
returned from his wanderings and repeated stories that he had been told of rich cities to 
the north. Both explorers would be denied their dreams of finding riches in the Spanish 
Borderlands. 
De Soto had high expectations when he arrived in Florida after witnessing 
firsthand the wealth of the Incan Empire. De Soto’s expedition, consisting of over six 
hundred men, explored the interior of the Southeast for nearly three years. In 1542, de 
Soto died of an unknown disease before the end of the exploration. Twenty years later, 
Tristán de Luna y Arellano led an expedition back through part of the same territory 
traveled by de Soto. De Luna’s expedition consisted of five hundred soldiers and one 
thousand colonists and servants, including many Mexican Indians (Hudson et al. 1989). 
De Luna’s men noted abandonment of Native villages in areas that had been densely 
populated just twenty years earlier. These observations indicated rapid Native decline due 
to Spanish contact (Hudson et al. 1989). These changes were striking, especially to the 
few men who were on both the de Luna and de Soto expeditions. Additionally, they 
observed that some Native villages, which had not been visited by the de Soto expedition, 
were larger than expected, possibly due to an influx of Native refugees from other areas 
(Hudson et al. 1989). Thus, based on observations from the de Luna expedition, there is 
evidence of significant Native disruption in the form of demographic decline and 
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population movement, which was caused by de Soto’s expedition, and likely 
compounded by de Luna’s expedition party.  
In contrast, historical accounts from the early entradas in New Mexico do not 
indicate significant Native population decline during the sixteenth century, except for the 
Tiguex region in central New Mexico around present day Albuquerque where Coronado 
and his expedition party overwintered (Vivian 1932; Winship 1896). This region was 
abandoned as a result of the violence that occurred during the Tiguex Wars (Flint 2008; 
Kessell 2002; Kulisheck and Ramenofsky 2009). During Coronado’s two years in New 
Mexico, he and his men attacked and mostly destroyed thirteen of the fifteen Tiguex 
pueblos, which left a lasting impression of Spanish brutality on the Pueblo Indians 
(Kessell 2002; Weber 1992).  
Prior to 1598, Spanish contact in New Mexico was sporadic, consisting of five 
relatively short-lived expeditions (Hammond and Rey 1966; Hodge 1937) (Table 2.2). 
Coronado’s expedition to New Mexico consisted of over three hundred Spaniards (at 
least three of them women), six Franciscans, and over a thousand Mexican Indians (Flint 
2002, 2008; Flint and Flint 2003; Weber 1992). His expedition was by far the largest to 
come to New Mexico during the early colonial period. Coronado and his party visited 
many of the pueblos along the Rio Grande, as well as the Hopi villages, Acoma Pueblo, 
and Pecos Pueblo. In 1542, Coronado’s troops threatened mutiny and he was forced to 
retreat to Mexico. Some Mexican Indians and Africans chose to stay in New Mexico 
(Riley 1995).  
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Table 2.2.  Spanish Exploration Period in New Mexico (1540-1598) 
Expeditions  Dates 
Francisco Vázquez de Coronado 1540-1542 
Francisco Sanchez Chamuscado and Agustín Rodriguez 1581-1582 
Antonio de Espejo 1582-1583 
Gaspar Castaño de Sosa 1590-1591 
Leyva de Bonilla and Antonio Gutierrez de Humana 1593-1595(?) 
 
After Coronado, there were no Spanish expeditions to New Mexico for nearly 
forty years (Table 2.2). In 1581, Rodriguez and Chamuscado led an expedition into the 
Rio Grande valley, referring to the area as “the new Mexico” (Kessell 1987). They found 
the southern Piro pueblos abandoned, which likely occurred because Pueblo groups had 
heard that the Spaniards were coming back. Rodriguez and Chamuscado’s expedition 
party did not stay long before returning to Mexico. In 1582, Espejo led an expedition to 
New Mexico to supposedly recover Rodriguez, who had stayed at Puaray Pueblo with 
another Franciscan priest. However, their real motive was to search for gold and silver. 
When Espejo arrived in New Mexico, he learned that both Rodriguez and the second 
priest had been killed. After Espejo, two unauthorized expeditions came to New Mexico, 
including one abortive expedition led by Capt. Francisco Leyva de Bonilla and Antonio 
Gutiérrez de Humaña, and another led by Gaspar Castaño de Sosa. The Bonilla and 
Humaña expedition came to New Mexico in 1593 and ended with Bonilla being killed by 
his own men while exploring the Plains (Weber 1992). The de Sosa expedition was more 
successful, even subduing Pecos Pueblo (Kessell 1987). However, de Sosa’s 
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unsanctioned explorations were cut short when Juan Morlete, Protector of the Indians, 
arrested de Sosa and took him back to Mexico where he was tried and convicted for 
invading “lands of peaceable Indians” (Kessell 1987).  
In sum, Spanish exploration of New Mexico resulted in instances of violence, but 
there is little evidence to suggest Native decimation on the regional scale of that 
experienced in the Southeast (Kulisheck and Ramenofsky 2009). With the exception of 
Coronado, all of the expeditions to New Mexico came after 1580. Because the early 
explorers all failed to find mineral wealth, there was little incentive to colonize this 
remote region. In fact, the early explorers (with the exception of Coronado’s expedition) 
all were ruined financially when they returned to Mexico without discovering gold or 
silver. Excepting Coronado, all of the entradas to New Mexico were small, ranging from 
a group of twenty individuals for the Rodriguez-Chamuscado and Espejo entradas, to 
between 30 and 170 Spaniards (including women and children) for the Sosa entrada 
(Ramenofsky 1996). The small size of the expeditions coupled with brief encounters 
suggests that interactions between Native peoples and Spaniards in New Mexico were 
minimal until the end of the sixteenth century.  
Timing of Settlement 
Timing of initial contact is important because it refers to when direct interactions 
between Native peoples and Spaniards occurred. Also, timing of settlement is important 
because it refers to sustained contact (i.e. daily interactions), which likely resulted in 
increased Spanish demands, directed change (e.g. religious conversion), and Native 
disruption and/or cultural change. Spaniards established permanent settlements earliest in 
the Caribbean. La Isabela was the first Spanish town, founded in 1493 and located in 
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Hispaniola on the north coast of the Dominican Republic (Deagan and Cruxent 2002a, 
2002b). In 1497, the first permanent Spanish capital was established at Santo Domingo, 
and by 1503, thirteen outlying communities had been established throughout Hispaniola 
as a means to subdue the Native peoples. One of these communities was the town of 
Puerto Real, occupied between 1503 and 1578 (Deagan 1990b; Ewen 1991; McEwan 
1995).  
Permanent settlement of Florida began with the founding of St. Augustine in 
1565, approximately fifty years after Spanish landfall (Deagan 1990b; Weber 1992). St. 
Augustine and Santa Elena were the earliest colonies in Florida, established in 1565 and 
1566, respectively. However, Santa Elena was abandoned in 1587 because the Spaniards 
were unable to subdue the Guale Indians (South et al. 1988).  
Of the three regions, permanent settlement occurred latest in New Mexico. The 
Spanish settlement and mission period in New Mexico began in 1598 with the 
establishment of San Gabriel del Yungue at San Juan Pueblo (Tichy 1946). This phase of 
settlement lasted until the Pueblo Revolt of 1680 (Cutter and Engstrand 1996). Juan de 
Oñate, a mining engineer whose family had made its fortune in the Zacatecas mines, was 
the first Governor (adelantado) of New Mexico (Kessell 2002, 2008; Vaughan 2006; 
Weber 1992). Oñate was chosen in part because he was considered to be a peaceful man. 
The Spanish royal authorities were aware of many of the past atrocities committed 
against the Native peoples, and by the 1590s they determined that more humane 
treatment was necessary to facilitate the successful colonization of the region (Weber 
1992). In 1598, after a three year delay, the Spanish Crown gave Oñate a contract that 
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permitted him to settle New Mexico at his own expense with strict instructions not to 
mistreat the Native peoples.  
Oñate’s expedition consisted of about five hundred men, their wives, children, 
servants, and slaves, and ten Franciscan friars (eight priests and two assistants) (Ellis 
1989; Kessell 1987, 2002, 2008; Weber 1992). They were accompanied by 83 oxcarts 
and wagons and over 7,000 head of horses, cattle, sheep, and goats (Ellis 1989). 
Additionally, many Old World domesticates were brought to New Mexico, including 
wheat, barley, watermelon, cantaloupe, cabbage, onion, radish, and lettuce, and many 
New World domesticates from Northern Mexico, including chile, tobacco, beans, 
tomatoes, and a new variety of corn (Ford 1981, 1985; Simmons 1983). 
Oñate established his headquarters at San Juan Pueblo, which the Spaniards 
christened San Juan Bautista. San Juan was located on the east side of the Rio Grande 
close to the confluence of the Chama river (Weber 1992). Soon after, the Spaniards 
moved across the Rio Grande to Yunque yunque (also known as Yungue), which is 
considered the first Spanish capital in New Mexico. Yungue (christened San Gabriel del 
Yungue) was the sole Spanish colonial center in New Mexico until the Spanish colonists 
moved to Santa Fe in 1610.  
 Oñate’s tenure in New Mexico bankrupted and nearly ruined him (Vanderpool 
2008). As he single-mindedly explored the region for silver and gold, the Spanish 
administrative site of Yungue fell into disrepair. His mistreatment of the Pueblo groups 
led to several major confrontations, including the Acoma siege, in which he proved to be 
heavy-handed in his retribution. The droughts of 1600 and 1601 made matters worse for 
the Spanish settlers (Ellis 1989; Smiley et al. 1953). By 1601, all but about two dozen of 
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Oñate’s men had deserted and returned to Mexico (Kessell 1987). The priests were 
equally disillusioned and had abandoned all of the missions in New Mexico, except for 
one at Yungue (Kessell 1987). In 1606 Oñate was removed from power. At this time, the 
Spanish Crown seriously considered abandoning the colony because it cost too much. 
However, Viceroy Luis de Velasco authorized the Franciscans to remain in New Mexico 
due to a sense of responsibility to minister to baptized Native peoples (Kessell 1987; 
Weber 1992).  
In 1609, Pedro de Peralta was appointed governor and captain general of New 
Mexico (Brooks 2002; Weber 1992). Peralta founded the Villa Real de Santa Fe in 1610, 
and moved the capital from Yungue to the Santa Fe valley because its location was more 
defensible and central to the Pueblo population of the region (Hordes 1990). Most of 
New Mexico’s early colonists lived outside of Santa Fe in farming and ranching 
communities, along the Rio Grande river from Taos Pueblo to south of Albuquerque 
(Nostrand 1996). This settlement pattern allowed the Spanish colonists to be closer to 
established pueblos and to better utilize Native labor.  
In sum, Spaniards did not settle New Mexico until the end of the sixteenth 
century, approximately thirty years later than Florida and one hundred years later than La 
Isabela in Hispaniola. In 1598, permanent settlement of New Mexico began with Oñate’s 
establishment of San Gabriel del Yungue at San Juan Pueblo. Even still, the Spaniards 
were mostly confined to one place in New Mexico. By 1601, only two dozen of Oñate’s 
men remained at San Gabriel del Yungue, which suggests that interactions between 
Native peoples and Spaniards were infrequent until well into the seventeenth century. 
Thus, there was less intensity of interaction between Spaniards and Native peoples in 
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New Mexico because of the later timing of both Spanish exploration and settlement, and 
fewer numbers of immigrants.  
Size of Spanish Population 
Despite the lack of mineral wealth across the Borderlands, the Caribbean and 
Florida were strategically located for trade and military protection against other European 
powers, which resulted in a larger influx of newcomers to these colonies. Florida was 
used principally as a military outpost, and presidios were established to provide military 
support on this Spanish frontier (Landers 1990). In contrast, New Mexico was 
geographically and politically isolated from the rest of the Spanish Empire, and few 
Spaniards settled in this “backwaters” location. The absence of presidios in New Mexico 
is important because it meant few Spanish men came to the colony during the early 
colonial period. Even fewer Spanish women or children came to New Mexico, which led 
to a common practice of intermarriage between Spanish men and Pueblo women (Weber 
1992). The practice of intermixing was so widespread that many mestizos were elected to 
official government positions in New Mexico (Weber 1992).  
Approximately two thousand Spanish colonists may have lived in New Mexico at 
the time of the Pueblo Revolt of 1680 (Ramenofsky 1996; Scholes 1935; Vetancurt 1698; 
Weber 1992). Others believe that this number is too high and that at most there were only 
a few hundred Spanish colonists in New Mexico at the time of the Pueblo Revolt (Knaut 
1995). In comparison, it is estimated that there were about three thousand Spaniards in 
Florida during the seventeenth century (Hoffman 2001). In addition to Spaniards, the 
Southeast experienced an influx of many other Europeans, including large numbers of 
French and British colonists. By the 1630s, it is estimated that there were a hundred times 
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more European colonists along the Eastern seaboard than in New Mexico (Kessell 
2002:106). Additionally, many African slaves were brought into the Southeast colonies 
as Native peoples died off (Kiple 1984; Kiple and Higgins 1992; Riley 1995). About 
185,000 African slaves were imported to the Americas during the early colonial period, 
most of which ended up in the Southeastern region (Kiple and Higgins 1992). Also, at 
least ten thousand African slaves were living in the Caribbean by the end of the 
seventeenth century (Kiple and Higgins 1992). Thus, in the Southeast (both in the 
Caribbean and Florida), interactions took place among large numbers of Native peoples, 
Spaniards, other Europeans, Mexican Indians, and Africans (Forbes 1993, 1994). In 
contrast, there were significantly fewer foreigners in New Mexico, especially fewer 
African slaves. Thus, the population in New Mexico was more homogeneous and there 
were fewer interactions between diverse populations.  
Overall, lower numbers of newcomers to New Mexico, Spanish or otherwise, 
likely meant that there were lower levels of infectious disease, warfare, and labor 
demands. Low numbers of Spaniards also likely translated into less power or control over 
the Pueblo groups and, consequently, less Native disruption.  
Mission Communities 
Conversion of Native peoples to Christianity was one of two primary Spanish 
goals of the Spanish Empire in the Americas. During the early colonial period, missions 
were set up for conversion purposes, but they also served as centers of Spanish political 
presence, labor organization, economic production, and defense (Boyd et al. 1951; 
Deagan 1990b; Thomas 1990). As such, missions were places of intense interaction 
between Spaniards and Native peoples. By 1655, thirty-eight missions were present in 
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Florida and seventy Franciscans ministered to between 15,000 and 26,000 Native peoples 
(Hann and McEwan 1998; Milanich 1999; Weber 1992). In New Mexico, by 1629, at 
least fifty Spanish churches were established (Scholes 1929; Weber 1992), and by 1656, 
there were forty-six friars, roughly equivalent to the number of pueblos in the region 
(Barrett 2002; Kessell 2002; Knaut 1995) (Figure 2.1).  
Different strategies were employed to establish missions across the Borderlands, 
depending on the pre-existing settlement patterns of the local Native groups. The first 
strategy was the least disruptive. A mission center was built in an existing Native village.  
The establishment of missions within existing Native communities was possible 
in both New Mexico and Florida where Native peoples already lived in large, aggregated 
settlements. The second strategy, población, was a means of populating new lands by 
moving converted Natives to frontier areas in an effort to protect a colony. For the third 
strategy, congregación, the Spaniards took sedentary Native groups and moved them to 
central areas. The fourth strategy, reducción, was to take mobile, Native groups (i.e. non-
agriculturalists), living in distant settlements, and move them into central areas.  
Significantly less disruption occurred when missions were built in pre-existing 
Native villages, as compared to when Native groups were forced to relocate through the 
practices of congregación or reducción.  
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Figure 2.1.  Seventeenth Century Pueblos in the Rio Grande Region 
(Kessell 2002:38) 
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In the Caribbean, forced relocation practices were most intense. The Spaniards 
initiated reducción, in which they forcibly relocated Native peoples into missions and 
other centralized communities to facilitate labor exploitation and conversion. In Florida, 
Spaniards established missions in pre-existing Native centers because the practice of 
reducción had been so devastating in the Caribbean. However, reducción and 
congregación were later initiated in Florida in an attempt to counteract Native die off and 
replenish the Native labor supply at missions. The practice quarantined a large enough 
labor force to support the missions, and resulted in mixing of diverse peoples and the 
beginning of ethnogenesis (Deagan 1998).  
In New Mexico, Spaniards set up missions in existing Native communities 
(Weber 1992), except in the Jemez area where they established congregación (Kulisheck 
2001, 2005). Because Spaniards generally did not force Native peoples in New Mexico to 
relocate to mission communities (“within the sound of the mission bell”), as they did in 
the Southeast, there likely was less Native disruption in New Mexico. 
In sum, dozens of missions were established across both the Southeast and 
Southwest Borderlands, serving as centers for religious conversion (and extraction of 
Native labor). In fact, in both regions, Spanish directed change in the form of religious 
conversion was one of the most successful Spanish endeavors during the early colonial 
period. In the Caribbean, Native peoples were forced to relocate to missions, which 
proved to be devastating. In contrast, in New Mexico and Florida, the Spaniards 
established missions in pre-existing Native communities. However, in Florida, Spaniards 
later initiated the practice of both reducción and congregación in an effort to 
counterbalance the effects of Native demographic collapse, which likely compounded 
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Native disruption in the Southeast, due to Native displacement and the mixing of 
different groups. 
Crown Support, Geographic Access, and Supply Caravans 
Spanish policy intended that missions would be economically autonomous units, 
but this was rarely the case (Adams 1989; Bushnell 1994; Thomas 1990). The Spanish 
Crown subsidized missions in the Southwest and Southeast Borderlands, but provided 
less financial support to the colony of New Mexico, in part due to its remote location. In 
1570, an annual royal subsidy, situado, was created to support the Florida colony 
(Bushnell 1994; Thomas 1990). Florida was also supported by annual supply caravans, 
which brought Spanish imports. These caravans came by sea and relatively short 
overland routes. In New Mexico, the Spanish Crown funded the Franciscan friars, but not 
the Spanish colonists, and supply caravans were scheduled to come every three years, but 
delays were common. The supply caravans to New Mexico consisted of large, well-
armed groups of approximately thirty iron-tired wagons pulled by oxen. It took the 
supply caravans roughly six months to travel the fifteen hundred miles overland from 
Mexico City to New Mexico. The round trip took a year and a half, including six months 
travel, six months in New Mexico, and six months back (Kessell 1987). These 
government-financed caravans were supplied with items for the missions, and served as 
New Mexico’s lifeline between the colony and the rest of the Spanish Empire, providing 
freight, mail, and passenger service (Kessell 1987). 
In sum, the Spanish Crown provided very limited support to the New Mexico 
colony, as compared to Florida. Because of less financial support and physical contact, 
Spanish settlers in New Mexico likely relied heavily on Pueblo groups, as well as 
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probably adopted Pueblo strategies for survival. Additionally, supply caravans were very 
sporadic in New Mexico due to access issues, as compared to the Southeast, resulting in 
fewer Spanish goods, which likely led to a high market demand for Pueblo goods, 
including ceramics. 
Labor Demands 
Even with support from the Spanish Crown, Spaniards depended heavily on 
Native labor and agricultural goods across the Borderlands. Two main Spanish economic 
practices, encomienda and repartimiento, were used as a means to exact tribute from 
Native peoples. However, encomienda was likely less disruptive than repartimiento 
because it did not force Native peoples to relocate.  
The economic practice of encomienda was set up to facilitate both conversion and 
exploitation of Native peoples (Kirkby 1984). This system grew out of medieval practices 
of serfdom in which Spanish settlers were granted the right to collect tribute from Native 
peoples who lived on a designated parcel of land (Hazen-Hammond 1988). In return, the 
encomendero was supposed to protect, convert, and civilize the Native peoples as well as 
provide them with enough time to do their own work. Spanish laws required the 
encomenderos to hire a priest to ensure that the Native laborers practiced Christianity. 
Under the encomienda system, Native peoples were not considered slaves, but were 
forced to pay tribute and/or services to an encomendero each year. In theory the 
encomendero had no right to use Native lands or Native labor (Hazen-Hammond 1988). 
Beyond the required tribute, Native peoples were supposed to be paid a minimum wage. 
However, in practice, the encomenderos exacted considerably more tribute than that to 
which they were legally entitled; they often forced Native peoples to work for them with 
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no compensation (Hazen-Hammond 1988). By the time the Spaniards came to New 
Mexico, the Spanish Crown had legislated against the practice of encomienda. 
Nevertheless, encomienda was practiced illegally in New Mexico until the Pueblo Revolt 
(Snow 1979). 
Repartimiento, a new economic practice instituted in 1542, was a tribute system 
in which Native peoples were obligated to provide labor to the state. Under 
repartimiento, Native peoples were forced to work as laborers on public works anywhere 
that they were needed. The practice was devastating because they were forced to work in 
remote locations away from their families and communities. Native laborers suffered 
greatly, often dying far away from their homes (Milanich 1995, 1999).  
In the Caribbean, the Spanish imposed the heaviest demands on Native peoples 
forcing them to provide labor and tribute to both the state and Spanish landowners 
through the economic practices of repartimiento and encomienda, respectively. In 
Florida, Spaniards enforced repartimiento, but not encomienda. When Pedro Menéndez 
de Avilez settled in Florida in 1565, encomienda was not favored by the Spanish Crown. 
Instead of creating a class of soldier-citizens (i.e. encomenderos) dependent on Native 
tribute, as was the case in New Mexico, the Spanish Crown maintained a garrison of paid 
soldiers in Florida (Weber 1992). Thus, Native peoples in Florida paid tribute to the 
Spanish Crown and were forced to provide labor on a rotating basis for many public 
works through the economic practice of repartimiento. Spanish labor and tribute demands 
became more of a strain on Native peoples in Florida as their numbers thinned. As Native 
peoples died, more were brought or moved to missions and the missions became 
locations where previously separate cultural groups lived, worked, and died together. 
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Repartimiento and encomienda were practiced in New Mexico, but not until the 
seventeenth century. For instance, the capital city of Santa Fe was constructed in the 
1610s by Pueblo Indians under the practice of repartimiento (Weber 1992).  By the 
1630s, there were thirty-five encomenderos in New Mexico, however by the 1640s, this 
number shrank (Kessell 2002). Both repartimiento and encomienda continued in New 
Mexico until the Pueblo Revolt. 
Overall, labor demands on Native peoples were most severe in the Caribbean, in 
the form of both repartimiento and encomienda. Of the two economic practices, 
repartimiento was more disruptive because it caused the breakup of communities and 
families through forced relocation. Even though repartimiento was practiced in New 
Mexico, the economic practice was not initiated until the seventeenth century, much later 
than in the Caribbean. 
European Infectious Diseases 
Lastly, I compare and contrast European infectious diseases and their 
demographic consequences across the Borderlands. The arrival of Europeans to the New 
World had the unintended consequence of introducing new and deadly diseases, which 
led to the widespread annihilation of Native populations across the Americas (Cook 
1998; Cook and Lovell 1992; Crosby 1972; Dobyns 1983, 1993; Dunnell 1991; Newson 
1985; Ramenofsky 1987, 1996; Thornton 1987). It is estimated that fifty-six million 
people died as a result of contagious diseases brought to the New World by Europeans 
(Black 1992). These diseases included smallpox, measles, influenza, bubonic plague, and 
scarlet fever (Ramenofsky 1987, 1996; Weber 1992). In addition, malaria, which spread 
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by mosquitoes and was introduced from Africa with the early slave trade, took a toll on 
Native populations (Kiple 1984; Kiple and Higgins 1992; Riley 1995).  
The key issues in the infectious disease story relate to the timing of infectious 
disease contact and the magnitude of Native decline that followed. Dobyns (1966, 1983) 
believes that Spaniards introduced smallpox to Mexico ca. 1520 and caused a 
hemispheric pandemic. Thus, many regional populations were catastrophically reduced 
before face-to-face contact in the Americas. Others disagree, arguing that the smallpox 
epidemic of 1518 to 1525 did not extend beyond Central Mexico, and that the Pueblo 
world likely was not affected by a smallpox epidemic (or other infectious diseases) until 
the early seventeenth century (Kulisheck and Ramenofsky 2009; Palkovich 1994; Reff 
1991).  
Putting aside the 1520 pandemic question, the known disease histories of Florida 
and New Mexico are very different. Dobyns (1983) asserts that there were eighteen 
epidemics in the Southeast during the early colonial period, as compared to three known 
epidemics in New Mexico (Hackett 1937; Palkovich 1994; Ramenofsky 1996; Scholes 
1937) (Table 2.3). The infrequency and later timing of epidemic outbreaks in New 
Mexico relative to the Southeast likely played a critical role in Pueblo survival. Native 
peoples in the Southeast were not so fortunate. The rate of Native demographic collapse 
was slower in Florida than in the Caribbean, but the end result of genocide was the same. 
Nonetheless, there is debate regarding the timing and extent of population loss 
experienced by Native peoples in New Mexico during the early colonial period. A 
significant problem is that there have been few reliable pre-colonial population estimates 
of Native groups, especially in areas such as New Mexico (Ramenofsky 1987; Warrick 
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2008). Historical records document that overall Pueblo populations declined after initial 
contact up through the eighteenth century (Palkovich 1985). More specifically, Kessell 
(2002) asserts that there were fifty to sixty thousand Pueblo Indians at the beginning of 
the Spanish settlement-mission period, and only twenty thousand by the Pueblo Revolt. 
Others have estimated mortality rates to be eighty percent during the same time period 
(Reff 1992).  
Table 2.3.  Epidemics in the Borderlands prior to 1680 
New Mexico Florida 
Smallpox and measles 1606-1607 Malaria 1513-1514 
Smallpox 1638-1640 Smallpox 1519-1524 
Unidentified 1670 Measles or typhoid fever 1528 
 Unidentified 1535-1539 
 Bubonic plague 1545-1548 
 Typhus 1549 
 Mumps 1550 
 Influenza 1559 
 Unidentified 1564-1570 
 Unidentified 1585-1586 
 Vectored fever 1586 
 Measles 1596 
 Bubonic plague 1613-1617 
 Yellow fever 1649 
 Smallpox 1653 
 Measles 1659 
 Influenza 1672 
  Unidentified 1675 
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Unfortunately, the level of demographic decline at contact is difficult to evaluate 
in part because Pueblo groups utilized long-held settlement strategies, including 
residential mobility and/or dispersal during times of stress (Cordell et al. 1994; Crown 
1991; Duff 1998; Hunter-Anderson 1979), in which they shifted away from living in 
large, aggregated pueblos toward dispersal into small pueblos and/or field houses 
(Kulisheck 2005; Mera 1940; Ramenofsky et al. 2009; Upham 1984, 1992, 1994). 
Dispersion was an effective strategy for survival because large pueblos were Spanish 
targets of exploitation and violence and were vectors for the spread of infectious diseases. 
In contrast, small settlements were attractive because they were outside of Spanish 
control.  
Although there is little consensus on the actual Native population in the 
Southwest before and after contact (Dobyns 1966, 1983; Haas and Creamer 1992; 
Ramenofsky 1996; Schroeder 1979, 1992; Ubelaker 1988; Upham 1992; Wilson 1985), it 
is generally believed that mortality rates were much lower than in the Southeast 
(Ramenofsky et al. in press). Lower mortality rates in the Southwest were likely due to 
many factors, including fewer epidemic outbreaks (and later timing), the later arrival and 
lower numbers of Spanish settlers, low population density of Pueblo groups, and Pueblo 
strategies of dispersion.  
Implications of Differing Contact Histories by Region 
All the historical factors summarized in this chapter suggest a lower intensity of 
entanglement in New Mexico based on the later timing of initial interaction and 
settlement, fewer numbers of explorers and colonists, geographic isolation, less instances 
of forced relocation of Native peoples, and later and fewer epidemics (Table 2.1). For 
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instance, Spaniards made landfall in the Caribbean approximately fifty years prior to 
Coronado’s expedition in 1540, and the first Spanish settlement in the Caribbean was 
established over a hundred years prior to the establishment of San Gabriel del Yungue in 
1598. By 1601, the colony of New Mexico nearly ended before it began, with all but 
several dozen Spaniards from Oñate’s colony abandoning the enterprise. The colony 
survived because the Crown believed that it had an obligation to support the Spanish 
friars and their flock of baptized Native peoples. In contrast, there was little incentive or 
appeal for Spanish colonists to remain in New Mexico because of its remote location and 
lack of mineral wealth. By the Pueblo Revolt of 1680, less than two thousand Spaniards 
lived in the Rio Grande region. Based on all of these factors, I infer that interaction was 
less intense in New Mexico than in the Southeast. The long term consequence is that 
there was greater survival of Pueblo peoples.  
In contrast, Native peoples in Florida initially put up strong resistance to the 
Spaniards, but were subdued in large measure by the end of the sixteenth century. Their 
submission was a direct result of population loss due to infectious diseases and overt 
violence, forced relocation, missionary efforts, and the collaboration of Native leaders 
(i.e. caciques) with the Spaniards (Deagan 1990b). Disruption was most dramatic in the 
Caribbean where Native peoples were decimated within twenty-five years of initial 
contact (Cook 2002; Ramenofsky 1996; Weber 1992). In Florida, Native groups survived 
longer, but they were largely extinct by the late seventeenth century, less than two 
hundred years after initial contact.  
Despite Pueblo survival and lower intensity interactions in New Mexico, Pueblo 
groups were affected by contact. However, there is considerable disagreement regarding 
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the nature and extent of cultural change. Some researchers believe that Spanish contact in 
New Mexico caused major disruption and change (Dobyns 1966, 1983, 1992; Reff 1991, 
1993; Upham 1986, 1992; Upham and Reed 1989; Wilcox 1981), whereas others believe 
there was little disruption until at least the seventeenth century (Dean et al. 1994; 
Ramenofsky et al. in press) and that the Native peoples were able to resist Spanish 
directed change (Adams 1989; Kessell 1989; Kulisheck 2003, 2005). Based on historical 
events, it is clear that some interactions between Spaniards and Native peoples resulted in 
devastating consequences. In 1540, Coronado and his expedition instigated the deadly 
Tiguex wars, which led to the destruction of thirteen pueblos. Also, the Pueblo Revolt 
suggests major conflict and change. The Revolt was a unified offensive by the Pueblo 
Indians that effectively forced all of the Spaniards out of New Mexico, and involved 
roughly 17,000 Pueblo Indians from dozens of pueblos (Hackett 1942; Knaut 1995; 
Weber 1992). The Spaniards were forced to retreat down the Rio Grande to El Paso, and 
it took thirteen years before they reestablished control of the Pueblo region (Kessell and 
Hendricks 1992). By the Pueblo Revolt of 1680, the Rio Grande corridor south of 
present-day Albuquerque and Isleta, and many other areas, including the Galisteo Basin, 
the Salines, and Lower Rio Chama, had been abandoned by Native peoples (Barrett 2002; 
Schroeder 1979). However, current scholarship suggests there was differential 
persistence of Pueblo groups, especially in central and northern New Mexico (Lycett 
2002; Ramenofsky et al. in press). For instance, Kulisheck has demonstrated 
archaeologically that Pueblo populations on the Jemez Plateau remained stable during the 
early colonial period (Kulisheck 2005). Thus, multi-regional analyses are critical to 
elucidate how Pueblo experiences may have differed across the colony of New Mexico. 
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In sum, history informs that the early colonial period in New Mexico was 
characterized by significantly less intense interactions (with less dire consequences) than 
in the Southeast. As such, New Mexico may provide an opportunity for studying cultural 
resilience and innovation in response to Spanish contact, as well as cultural change due to 
disruption, which is not possible in the Southeast where Native peoples were decimated. 
In the next chapter, I discuss how archaeological research and the material record provide 
an independent means to evaluate historical interpretations of New Mexico’s early 
colonial period, and to specifically address how Pueblo peoples responded to (and were 
impacted by) Spanish contact.  
34 
 
3.  Contextualizing Colonial Period Ceramics in New Mexico 
Even though history provides the context for understanding the intensity of 
interactions between Spaniards and Native peoples in different regions, it provides less 
insight regarding the consequences of contact to Native peoples and their traditions. 
Native peoples were active players in the process of contact, but their voices are largely 
missing in the historical record. Historical documents, written by and for Spaniards, thus 
provide a partial and ethnocentric view of the early colonial period with little focus on 
how Native peoples responded to, or were impacted by, Spanish presence (Galloway 
1995). In contrast, the archaeological record materially represents all groups involved in 
the process of contact, and this perspective gives Native peoples a voice. Additionally, 
history does not provide a prehispanic frame of reference. Even the earliest Spanish 
explorers were observing Native groups in a state of flux due to their very presence 
(Galloway 1995; Ramenofsky 1987). In contrast, the material record encapsulates a deep 
past and allows archaeologists to use late prehistory as a baseline for examining change 
during the early colonial period.  
In this chapter, I discuss what is known archaeologically of the early colonial 
period, and specifically how studies focused on ceramic change/continuity elucidate how 
Native peoples responded to (and were impacted by) Spanish contact. Most research on 
colonial period ceramics has been conducted in the Southeast, with a focus on colono 
wares. Thus, I begin with a general discussion of the significance of colono wares, 
focusing on what is known from the Southeast. Because colono wares are hybrid 
ceramics (i.e. low-fired Native ceramics that take on European shapes), they are a vehicle 
for addressing Native change or persistence after contact. However, in New Mexico, 
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unlike in Florida and the Caribbean, colono wares have not been extensively studied. 
Thus, the Southeast (i.e. Florida and the Caribbean) is pertinent because the seminal work 
on colono wares comes from that region, where themes of Native resilience, resistance, 
and disruption are prominent. In New Mexico, themes of resistance and continuity also 
characterize interpretations of colonial period ceramics, but there has been little focus on 
change in technological aspects or colono wares.  
Significance of Colono Wares 
Colono wares are hybrid ceramics that embody contact between Europeans and 
Native peoples. They mark the appearance of a completely new group of European-
influenced vessel forms in Native pottery repertoires, including candlesticks (Figure 3.1), 
teacups, baptismal fonts, and soup plates (Figure 3.2), appearing throughout the Spanish 
Empire. 
 
 
Figure 3.1.  Clay Candelabra Fragment from San Marcos Pueblo. 
Photo courtesy of the American Museum of Natural History. Photo by Ann Ramenofsky 
and Kari Schleher. 
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Figure 3.2.  Soup plates.  
From left to right: Glaze-on-red soup plate from San Cristobal. Glaze-on-yellow soup 
plate from San Marcos Pueblo. Photos courtesy of the American Museum of Natural 
History. Photos by Ann Ramenofsky and Kari Schleher. 
 
Noël Hume (1962) coined the term and his definition reflects his research at 
Colonial Williamsburg. Noël Hume defined colono wares as hand-built, unglazed 
earthenware ceramics manufactured by Native peoples during the eighteenth century sold 
to African American slaves. Since then, the definition has changed to reflect the broader 
context in which these wares are found. Other scholars have proposed that colono wares 
were produced by Native potters under the direction of local Spanish religious or secular 
personnel (Deagan and Cruxent 1993; McEwan 1990; Saunders 1992; Vernon 1988). In 
1980, Leland Ferguson (1980) proposed using the term to refer to a general group of 
ceramics including all hand-made, low-fired pottery found on colonial sites, whether they 
were found in African American, Indian, or European American contexts. It is now 
widely accepted that colono wares were made by both African Americans and Native 
peoples in different settings. Kathleen Deagan (1987) has defined colono wares as locally 
produced, hand-made ceramics of non-European origin that were used by Europeans in 
the New World colonies as household wares. In the Southwest, colono wares have come 
37 
 
to refer to colonial period ceramics utilizing Native ceramic technology and incorporating 
European vessel forms. 
Two major groups of researchers are currently studying colono wares. One group 
focuses on colono wares found in plantation contexts. They view colono wares as 
artifacts made and used by enslaved communities that provide insights into the 
construction of African American identity (Singleton and Bograd 2000). The other group 
studies colono wares as a Native artifact arising out of pre-Columbian pottery traditions 
(e.g. Deagan 1983, 1985, 1987, 1995; Saunders 2000; Smith 1995; Vernon and Cordell 
1991, 1993). They examine the impact of European contact upon Native communities 
through the analysis of these wares. The subsequent discussion is limited to the latter 
research. 
It is generally assumed that colono wares were substitutes for preferred, but 
difficult to obtain Spanish-made pottery, specifically majólicas (Goggin 1968; Deagan 
1990a). Majólicas, painted ceramics glazed with lead admixed with tin oxide, are found 
at Spanish settlements in the New World beginning in the late fifteenth century (Riley 
1995). In New Mexico, majólicas are found in limited numbers at many settlements, but 
only after Spanish colonization (post-1598) (Riley 1995). However, because of New 
Mexico’s geographic isolation, majólicas are present in lower frequencies in the 
Southwest Borderlands than in the Southeast Borderlands.  
Initially, majólicas were imported from Spain, but later they were also 
manufactured in workshops by Native peoples in Mexico City, Puebla, and Guatemala. 
Majólicas were not produced in the Borderlands during the early colonial period 
(Saunders 2000). Instead, colono wares were produced in New Mexico and Florida 
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beginning in the late sixteenth and early seventeenth century (post-1598 in New Mexico) 
(Rolland and Ashley 2000). Olive jars (botijuelas), another common type of Spanish 
ceramic vessel, also are found in New Mexico in low frequencies, as early as the mid-
sixteenth century with the arrival of Coronado (Riley 1995). However, there is no 
evidence that Pueblo potters ever made copies of olive jars (Riley 1995). 
In the Southeast, researchers have equated colono wares with mission pottery, 
which has implications for their manufacture and use. At mission sites in the Southeast, 
colono wares have been recovered most frequently in Spanish households and convento 
contexts, but also have been found in Native living areas. Deagan (1990a) believes that 
colono wares were used by the Spanish as well as by Native women married to Spanish 
men in mixed households. Deagan’s model of colono ware production/consumption is 
that Native women produced colono wares for use in private spheres (kitchen) as cook 
wares, whereas majólicas were used in the public sphere as service wares.  
In contrast, in New Mexico, colono wares generally were not utility wares 
because traditional vessels persisted and were used for this function. In New Mexico, 
colono wares served several primary functions, as serving vessels (i.e. teacups, soup 
plates), religious items (i.e. baptismal fonts), and specialty items (i.e. candlesticks, 
chamber pots, etc.).  
Also, in New Mexico, the distribution of colono wares is broader than solely 
mission contexts, ranging from Spanish villas to purely Native contexts, such as field 
houses on mesa tops in the Jemez Mountains (Boyd and Constan 2002; Kulisheck 2001, 
2002, 2005). In fact, soup plates, the most common colono ware form produced, were 
relatively abundant at Oñate’s early capital site of San Gabriel del Yungue (this 
39 
 
dissertation). The spatial distribution of colono wares raises questions about the nature of 
production and consumption of these wares, especially regarding whether colono wares 
were produced under strict Spanish oversight and exclusively for Spanish consumption. 
More research is necessary to better understand how and to what extent colono wares 
were manufactured and used by Pueblo groups, and whether Pueblo Indians used colono 
wares in a similar or an entirely different context than the Spaniards.  
The organization of production for colono wares as well as the mechanism of 
technology transfer from the Spaniards to Native potters is unknown. For instance, it is 
unknown whether or not the Spaniards dictated the forms, or whether Native potters 
chose to make these new forms. What is clear is that the arrival of the Spaniards resulted 
in a new demand for these ceramics, and that this demand was supplied by Native potters 
across the Spanish Empire. One important point is that some colono ware forms, such as 
religious/specialty items, may have been manufactured under tighter Spanish control, 
whereas other forms, such as serving wares, may have been produced with less Spanish 
guidance because of their general function, as well as their appeal to a more 
heterogeneous group of consumers (i.e. both Spaniards, Native peoples, etc.). For 
instance, Spaniards may have imposed strict guidelines regarding the appearance or other 
characteristics of a baptismal font, used in religious ceremonies, as compared to soup 
plates, used in secular contexts. Thus, Native potters may have had more flexibility to 
experiment, or make their own culturally-specific choices (“translations”), when 
manufacturing colono ware forms used for domestic purposes rather than for religious 
purposes. This idea is relevant to my research because I focus exclusively on soup plates, 
which may not be representative of all colono ware forms. 
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Finally, there is a debate regarding the timing of when Spaniards began to 
manufacture their own pottery in New Mexico. Much of this debate hinges on what is 
defined as “Hispanic”. Carrillo (1997) has argued that some Hispanics were producing 
pottery in New Mexico by 1790. However, Carrillo’s definition of Hispanic is all-
encompassing, and includes Pueblo Indians who adopted some aspects of Hispanic 
culture. Carrillo also asserts that sand temper is diagnostic of Hispanic-made pottery. 
However, it is known that Pueblo potters at Pecos, Santa Ana, and San Juan pueblos also 
used sand as temper (Kidder and Shepard 1936:549; Powell 2002; Schroeder 1964). 
Others believe that Spanish women were making pottery early in the eighteenth century 
(Dick 1968; Warren 1976, 1979a). Snow (1984) disagrees and argues that there was no 
Spanish ceramic production in New Mexico prior to 1800, or even 1850. In any case, 
there is no evidence that Spaniards were producing pottery in New Mexico prior to the 
Pueblo Revolt (Snow 1973).  
Even though it is generally believed that Spanish production of ceramics did not 
occur until at least the eighteenth century, or even the nineteenth century (i.e. well after 
the early colonial period), it is possible that other newcomers, such as Mexican Indians, 
may have manufactured pottery during the early colonial period in New Mexico. Thus, 
the assumption that Spanish colonists in New Mexico relied on the Pueblo Indians to 
provide them with all of their ceramic needs (as was the case with almost all of their 
basic necessities) requires further evaluation. 
Seminal Work on Colono Wares 
Table 3.1 illustrates the great regional disparity in colono ware research in the 
Southwest (i.e., New Mexico) as opposed to the Southeast (i.e. Florida and the 
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Caribbean). It is clear that most of the scholarship on colonial period ceramics, and 
colono wares in particular, has taken place in the Caribbean and Florida (Table 3.1).  
Colono ware studies in the Southeast (i.e. Florida and the Caribbean) have 
focused on themes of technological and stylistic change and/or continuity. In the 
Caribbean, ceramics significantly changed after contact; new vessel forms were produced 
and design and technology simplified. These changes have been explained by a rapid 
decline of Native American potters and their replacement by African potters (Ewen 1990; 
Smith 1995). As in the Caribbean, scholars in Florida have documented significant 
change and variability in colonial period ceramics, which has been explained by several 
factors, including population loss, changes in marriage patterns and residence rules 
(Deagan 1985), breakdown of cultural transmission, elements of European formal 
influence, and the recombination of traits from distinct African and Native American 
pottery traditions (Deagan 1990b). Despite these changes, ceramic continuity has been 
documented in some cases, such as at St. Augustine, indicating cultural resilience of 
some Native groups (Deagan 1990a; Saunders 2000). 
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Table 3.1.  Colono Ware Studies by Region 
Southeast Southwest 
Caribbean La Florida New Mexico 
Deagan 1985 
Deagan 1987 
Deagan 1990b 
Ewen 1990 
Garcia-Arevalo 1990 
Deagan 1995 
Smith 1995 
Boyd et al. 1951 
Ferguson 1980 
Deagan 1983 
Deagan 1985 
Deagan 1987 
South et al. 1988 
Deagan 1990a 
Deagan 1990b 
Vernon and Cordell 1991 
Henry 1992 
Vernon and Cordell 1993 
Rolland and Ashley 2000 
Saunders 2000 
Singleton and Bograd 2000 
Capone 1995 
Penman 2002 
 
Archaeological excavations carried out in the first settlements of Hispaniola show 
that Spaniards used indigenous (Taino) pottery for their cooking needs from the 
beginning of the colonial period. Garcia-Arevalo (1990) describes the colonial period as 
having two phases: the contact phase, a period of informal Spanish control, and the 
conquest phase, a period of formal control and directed contact. In the contact phase, 
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Taino potters produced imitations of Spanish vessel forms, which were often aberrant 
forms that diverged from both Spanish and Taino traditional vessels. In this phase, there 
was an overall change to simpler forms, thicker vessel walls, simpler surface treatments, 
and the absence of molded decorations, which gave rise to a new style known as Creole 
pottery. Garcia-Arevalo (1990) suggests that during the early colonial period, the Taino 
incorporated European vessel forms but maintained their own decorative elements as a 
way of appropriating the supposed magical attributes that the Taino ascribed to the 
Spanish in a process of religious syncretism. In the conquest phase, there was a marked 
change in Taino pottery, with a marked decrease in symbolic iconographic decorations. 
Garcia-Arevalo attributes this change to Spanish hostility toward the Taino religious 
belief system as well as a breakdown of social organization, heavy labor demands, and 
population loss causing a subsequent loss of traditional knowledge.  
Smith’s (1995) archaeological research at the town of Puerto Real, Haiti, has 
provided evidence of the decline and replacement of Native American potters by African 
potters. Smith has shown that Taino pottery was replaced over time by a colono ware, 
defined as Christopher Plain. Because of the thick walls, coarse temper, and simple 
morphology, Smith (1995) attributes Christopher Plain to African potters. Over time, 
Christopher Plain accounts for almost half of the ceramic assemblage at Puerto Real. 
Christopher Plain is thought to have been used for cooking and storage, while European 
pottery, such as majólicas, was used for serving.  
Kathleen Deagan, one of the most prominent historical archaeologists in the 
Southeast, has done extensive research on many Southeastern settlements, including St. 
Augustine. Deagan (1990a) has noted that the Native American cooking wares found in 
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Spanish households at St. Augustine were unchanged in terms of shape and decoration 
from pre-contact Native American pottery. This tendency is in stark contrast to colono 
wares found outside of St. Augustine in Florida and the Caribbean where a considerable 
proportion of the Native-made ceramics took on European elements, including vessel 
form. Thus, St. Augustine is unique in that the Native pottery tradition remained 
throughout two hundred years of contact despite major disruption, depopulation, and 
relocation of Native peoples (Deagan 1990a). Deagan views this persistence of Native 
ceramics as a form of cultural resilience or resistance to European influence.  
Rebecca Saunders’ work (2000) has also focused on ideas of resistance and 
cultural resilience during the early colonial period. Saunders studied technological and 
decorative change in Guale pottery from several mission settings in Florida and Georgia. 
She assessed how the disruption in the Guale social system during initial contact affected 
the Native pottery tradition. Saunders included several technological and decorative 
variables in her analysis, including temper, burnishing, slipping, firing, form, surface 
decoration, rim style, depth of rim fold, and groove width. She concluded that pre-
colonial and early contact Guale pottery did not change in terms of paste and decorative 
variables. She interpreted this persistence as evidence that, during the early colonial 
period, colono wares were assimilated into the pre-existing Native formal categories and 
decorated accordingly. However, later mission Guale ceramics showed significant 
changes in technological and decorative variables. There was an increase in the diversity 
of temper, the appearance of new or reworked designs, and a variety of new rim 
elaborations. Saunders concluded that the Spaniards probably directed the changes in 
decoration and rim appliqué that are observed on these later mission ceramics. Saunders 
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concluded that, overall, there was remarkable continuity in technological and decorative 
variables of Guale pottery during a time of rapid demographic and cultural change. She 
attributes this continuity in ceramics to the maintenance of a strong sense of Guale social 
identity throughout the colonial period.  
In sum, in the Southeast, colonial period ceramics, and particularly colono wares, 
have been the focus of extensive work. Ceramic research in the Southeast has 
documented significant change (e.g. simplification) in stylistic and technological 
elements after contact, due to the major disruption experienced by Native peoples in the 
form of population loss, forced relocation, Spanish directed change, and breakdown of 
cultural transmission. In fact, in the Caribbean, ceramic change is most dramatic with 
some instances of total replacement of ceramic traditions during the early colonial period 
due to the introduction of African slaves (African potters) and the decimation of Native 
peoples. In Florida, even though many changes are documented in ceramics, there are 
some instances of remarkable ceramic continuity after contact, such as at St. Augustine, 
indicating pockets of Native resilience/persistence. 
As a side note, most of the technological studies in Florida and the surrounding 
Southeastern region have used temper (i.e. aplastic) analysis to link colono wares to 
prehistoric traditions (Henry 1992; Rolland and Ashley 2000; Vernon and Cordell 1991, 
1993). This focus has been a critical first step because the Southeast witnessed such a 
major population crash and reorganization in which multi-ethnic groups were formed, 
including Native peoples, Spaniards, and Africans. However, because the focus in 
petrographic analysis has been on temper identification, there has been less emphasis on 
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other variables related to manufacturing techniques (e.g. constituents of a vessel, degree 
of clay processing, etc.). 
Colonial Period Ceramic Research in New Mexico 
In comparison to the Southeast, colonial period ceramics in New Mexico have 
received little attention. In particular, almost nothing is known of technological changes 
in ceramics after contact (exception Capone 1995, 2006). Most ceramic analysis has 
focused on visible changes in morphology and decoration of traditional vessels. 
Morphological changes include the appearance of carinated bowls (Kidder 1932; 
Marshall 1985) and European vessel forms (i.e. colono wares) (Warren 1979a, 1979b). 
Decorative changes include an increase in undecorated wares, which were usually red-
slipped, polished, and often smudged black (Hayes et al. 1981; Snow 1973; Warren 
1979a, 1979b), an increase in rough exterior surfaces (Creamer 2000a), and an increase in 
runny glaze-paints (i.e. vitrification) (Warren 1979a, 1979b) that are green or light brown 
in color (Creamer 2000a). These morphological and decorative changes did not occur 
until the seventeenth century, coincident with settlement and missionization (Capone 
1995; Creamer 2000a; Marshall 1989). For instance, Marshall (1989) found no evidence 
of Spanish influence on Pueblo ceramics at a sixteenth century Spanish campsite (LA 
54147) that may have been used by Coronado’s expedition party (Vierra 1989). Marshall 
and others have argued that changes in Pueblo ceramics did not occur until at least 1598, 
and were most apparent by 1625, in late glaze-painted ceramics (Kidder 1932; Marshall 
1989). 
Some hypotheses have been posited to explain morphological and decorative 
changes in Pueblo ceramics. These explanations provide contradictory ideas regarding 
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the consequences of Spanish contact on Pueblo groups. Some explanations of ceramic 
change emphasize the active role that Pueblo potters played in supplying a new market 
demand and/or resisting directed change (Creamer 2000a; Mobley-Tanaka 2002; 
Spielmann et al. 2006). Other explanations focus on the disruptive nature of Spanish 
contact, in terms of limiting access to natural resources and/or causing the abandonment 
of particular regions (Creamer 2000a; Warren 1979b).  
Creamer (2000a) contends that specific decorative and morphological changes, in 
terms of changes in glaze-paint, slip, and vessel shape, were a result of Pueblo potters 
consciously producing ceramics designed for European consumption. For example, the 
production of soup plates, which are small, shallow bowls with everted rims, likely used 
as individual serving vessels for food or soup, was likely an attempt to appeal to the new 
Spanish demand for smaller serving vessels. Also, change in glaze-paint color, from a 
black or very dark brown to green and/or light brown, may have been an attempt by 
Pueblo potters to imitate the green glaze found on olive jars (Creamer 2000a). Finally, an 
increase in the runniness and sloppiness of glaze designs with broader lines and “blobby” 
figures may have been due to the Spaniards’ interest in the presence of glaze-paint, but 
not on the specific decorative motifs that signified group identity and/or traditional 
religious meaning to the Pueblo groups (Spielmann et al. 2006). Creamer (2000a) 
believes that after the Pueblo Revolt, the market demand disappeared because the 
Spaniards were forcibly removed from New Mexico, resulting in an end to glaze ware 
production and a return to carbon painted ceramics. However, this hypothesis seems 
unlikely because the Spaniards came back in 1692. Creamer also asserts that the end of 
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glaze ware sequence may have been due to the abandonment of the Galisteo Basin, which 
likely disrupted access to lead (galena) from the favored source of the Cerrillos Hills.  
Others have focused on how the arrival of the Spaniards likely disrupted Pueblo 
access to the lead (galena) mines. The disruption, in turn, resulted in visible changes in 
glaze-paint and the eventual end of glaze ware production. Warren (1979b) contends that 
the glaze-paint became runny because most of the accessible lead ore deposits had been 
mined out by A.D. 1700. This exhaustion forced the Pueblo Indians to go to deeper 
depths to mine lead where the lead content of the ore tends to increase. Warren’s 
argument is that a higher lead content may have caused the runniness of glaze-paint at the 
end of the glaze sequence. Warren (1979b) asserts that the end of glaze ware production 
was caused by the Spaniards’ mining activities in the early eighteenth century. Warren 
suggests that lead mines were taken over by the Spaniards at this time.  
Recently, analysis of decorations of colonial period ceramics have been used as a 
platform for discussions on Pueblo resistance to Spanish attempts at religious conversion. 
Unfortunately, these studies have focused solely on traditional vessels. Spielmann et al. 
(2006) have examined changes in Pueblo ceramic decoration during the early colonial 
period in the Salinas region. They found that designs on glaze-painted pottery 
manufactured in pueblos with Spanish missions had runny glazes with simplified and 
abstract decorations, masking their religious meaning. In contrast, designs on Tabira 
Black-on-white ceramics produced in villages away from missions became highly 
explicit in portraying Native religious symbols (Spielmann et al. 2006; Mobley-Tanaka 
2002). Spielmann et al. (2006) assert that the Pueblo Indians intentionally masked 
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ceramic ritual meanings in mission contexts while elaborating them in contexts hidden 
from the Spaniards as a form of resistance. 
Similarly, Mobley-Tanaka (2002) contends that Pueblo potters intentionally made 
glaze designs more abstract during the colonial period to hide information from the 
Spaniards. Mobley-Tanaka has focused on the replacement of bird motifs with crosses as 
one example of using multi-referential symbols as a means to misinform the Spaniards. 
She argues that crosses resemble the shape of a bird in flight. Mobley-Tanaka (2002) has 
noted a decrease in bird motifs with a simultaneous increase in cross motifs on glaze-
painted ceramics during initial contact. Her analysis is based on the examination of 
eighty-eight whole glaze ware vessels. From these, she documented that cross motifs 
doubled in frequency during the early colonial period. Cross motifs were present on 10 
percent of pre-colonial glaze-painted pottery as compared to 20 percent of colonial period 
glaze-painted pottery. This pattern is very similar to Zuni polychrome ceramics from 
Hawikuh in which crosses are less common in prehistoric times, appearing on 10 percent 
of proto-historic Matsaki Polychrome ceramics (A.D. 1470-1650), but increase to 18 
percent of pre-revolt Hawikuh Polychrome ceramics (A.D. 1630-1680). Mills (2002) also 
has noted an increase in katchina, cross, and fringed elements from protohistoric (A.D. 
1450-1630) to pre-revolt (A.D. 1630-1680) Zuni ceramics. Mobley-Tanaka (2002) argues 
that a cross motif commonly was placed within a traditional design where a bird motif 
would traditionally be placed, which would indicate a bird to a Pueblo Indian viewer 
familiar with the design layout and its meaning. Thus, the Spanish viewers would 
interpret a cross as a Christian cross while Pueblo viewers would interpret it as a bird, 
thus covertly maintaining their traditional meaning of Native imagery. She found no 
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noticeable difference in basic design layouts before and during contact, which led her to 
believe that the symbolism was maintained, just in a hidden form (Mobley-Tanaka 2002).   
After the Pueblo Revolt, the use of the cross motif disappeared almost completely 
throughout the Pueblo region (Frank and Harlow 1974; Mills 2002) and bird motifs 
reappeared. Using this evidence of stylistic change, Mobley-Tanaka (2002) argues that 
crosses were a part of a strategy of resistance, and once the Spaniards were gone, crosses 
disappeared and traditional motifs returned. Similarly, colono wares and Spanish-
influenced motifs disappeared from Hopi ceramics at the time of the Pueblo Revolt 
(Adams 1981). Capone and Preucel (2002) have noted that Pueblo potters revived 
prehistoric design elements after the Pueblo Revolt, such as the double-headed key motif, 
signaling a return to more traditional ways.  
In sum, changes in morphology, decoration motifs, and application have been 
documented across the contact boundary in New Mexico. A range of explanations have 
been postulated for these changes, including heavy Spanish labor demands, Pueblo 
potters supplying a Spanish demand, and/or Spanish control over natural resources, such 
as lead mines. Current ceramic work has focused on how Pueblo potters used decorative 
style as a vehicle of resistance (Mobley-Tanaka 2002; Spielmann et al. 2006) in which 
Pueblo groups were able to mask their symbols in order to maintain their traditional 
religious beliefs. Even though these ideas/themes help to characterize the early colonial 
interactions between Pueblo and Spanish groups, it is unclear what level of disruption 
Pueblo groups faced (Capone 1995; Spielmann 1989) and/or to what extent Pueblo 
groups were able to resist Spanish directed change (Spielmann et al. 2006; Mobley-
Tanaka 2002). For example, it is unclear whether Pueblo potters actively chose to 
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manufacture pottery with Spanish aesthetics in mind within a market economy context of 
supply and demand, or whether there was external pressure to do so through forced, or 
even, slave labor. Unfortunately, in New Mexico, in contrast to the Southeast, there has 
been little in-depth analysis on ceramic technological change after contact (exception 
Capone 1995, 2004, 2006), and colono wares have been mostly ignored (exception 
Penman 2002). Ceramic research, focusing on both technological aspects and colono 
wares, is a powerful means to elucidate how Pueblo peoples responded to (and were 
impacted by) Spanish contact. 
Colono Ware Research in New Mexico 
To date, there have been only two archaeological studies in the Southwest that 
have investigated colono wares (Table 3.1). Penman (2002) documented the distribution 
and range of colono ware forms in central and northern New Mexico (Figure 3.3). In 
New Mexico, the distribution of colono wares spans missions, Spanish settlements, and 
Pueblo Indian settlements. The wide range of colono ware forms includes soup plates, 
candlesticks, teacups, chamber pots, ring bases, porringers, and shaving/bleeding bowls.  
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Figure 3.3.  Sites with Colono Wares in New Mexico (Penman 2002:133). 
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In particular, Penman (2002) noted that colono ware forms at Pecos show a wide range of 
variation, not only between the forms but also within the forms themselves. Capone 
(1995) conducted a technological analysis on pre-mission (A.D. 1500-1630) and mission 
(A.D. 1630-1680) ceramics to elucidate changes in ceramic technology and production-
exchange interaction networks during the early colonial period. However, she did not 
focus specifically on colono wares. Most of her sample consisted of traditional vessels, 
such as bowls and jars. In fact, Capone analyzed only two colono wares sherds from Abó 
Pueblo, in New Mexico, and twenty-four colono ware sherds from Awatovi Pueblo, in 
Arizona. 
My work shares certain common themes with that of Patricia Capone’s work 
(1995) in terms of the focus on technological analysis (i.e. petrography) as well as the 
ceramic type studied (i.e. Rio Grande glaze-painted pottery is one of the ceramic types 
studied by Capone). Capone conducted an in-depth petrographic analysis in which she 
focused on both micromass (i.e. clay fabric) and temper to identify different aspects of 
ceramic manufacture, including clay and temper processing, firing, and construction 
techniques. Ceramics were analyzed from two mission sites: Abó Pueblo, New Mexico 
and Awatovi Pueblo, Arizona. In her petrographic study, she conducted point counting of 
some of her samples, but mostly used comparator charts, to characterize the micromass 
(i.e. clay), temper (i.e. aplastic) inclusions, and voids. 
Additionally, Capone conducted an extensive geologic survey of temper sources 
in the Salinas region in the same manner that Anna Shepard (1942) had surveyed the 
Northern Rio Grande region. Capone’s research of ceramics at Abó indicated that there 
was a strong continuity of temper (hornblende diorite) in pre-contact and contact times. 
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This continuity in temper was interesting because it was not the least-cost choice for a 
temper in terms of the travel distance required to obtain it. Overall, Capone concluded 
that at both sites there was evidence that ceramic technology became more expedient. 
There was continuity in conservative variables such as choice of temper, but evidence of 
a change to more expedient processing of clay and temper, firing, and construction 
techniques. Capone attributed this expediency in ceramic technology to the heavy 
Spanish labor demands during the mission period in which there was an increased 
demand for ceramic products and labor.  
Capone (2006) recently compared 161 Salinas-area glaze ware pre-mission and 
mission-period ceramics to 112 glaze ware revolt/reconquest period ceramics from 
Kotyiti. The addition of the Kotyiti sample did not change the conclusions of her doctoral 
work (see also Capone 2004). She found evidence for less processing through time, based 
on larger overall grain size of temper and a higher percentage of large grains after 
contact. She also noted increased expediency in technology with regard to less 
compaction of the body coils and the presence of larger voids. Finally, she noted more 
expedient firings through time, revealed by an increase in the variation of firing color 
with less consistent oxidation. In contrast, Capone also noted that there was an overall 
conservatism in the “core ensemble” of production techniques through time, including the 
choice of a certain type of temper even though it was not the least cost choice (Capone 
2006). Capone acknowledged that the main drawback of her 2006 study was that she did 
not have any pre-colonial period Kotyiti ceramics as a baseline to determine whether or 
not there was change through time. She was only able to compare the revolt/reconquest 
Kotyiti ceramics to the Salinas ceramics before and after contact. My research may 
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rectify this problem by utilizing both pre-colonial and colonial period ceramics produced 
at San Marcos Pueblo, which can then be compared to her refugee period ceramics from 
Kotyiti Pueblo. There should be continuity in the potter groups considering that it is 
known that occupants of San Marcos fled to Kotyiti after the Pueblo Revolt (Capone 
2006; Kessell et al. 1998).  
Capone’s research demonstrates the power of in-depth technological analysis to 
elucidate the nature of interactions between Spaniards and Native peoples, as well as 
Native responses, during the early colonial period in New Mexico. Capone infers that 
there was a shift toward expedient technology in glaze-painted ceramics during the 
seventeenth century in the Salinas region, which she attributes to heavy Spanish labor 
demands that resulted in Pueblo stress and disruption, forcing Pueblo potters to make 
least-cost choices in some of their production steps. Her recent work at Kotyiti Pueblo 
shows consistent results. Capone’s ceramic technological expediency thesis sheds light 
on the intensity of interactions in early colonial New Mexico, suggesting that contact led 
to some disruption in Native lifeways. However, these results should be tested in many 
contexts/regions across New Mexico to determine whether or not Native peoples had 
similar experiences in terms of intensity of interactions across the colony. 
Discussion of Colono Ware Research across the Borderlands 
Overall, Southeast archaeologists have set the standard for colono ware research. 
Colono wares, which can be considered the colonial ware in the Southeast based on their 
abundance, have been a primary focus of ceramic analyses in that region. However, the 
models regarding the production (and consumption) of colono wares that have come out 
of the Southeast have yet to be evaluated in the Southwest.  
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Extensive archaeological research in the Southeast has shown that European 
contact caused major disruption in ceramic traditions due to rapid Native population loss, 
influx of African populations, and forced relocation of Native groups. Because disruption 
was so rapid and extensive in the Southeast, it swamped the more subtle and active 
Native responses. In fact, colono ware research in Florida and the Caribbean grew out of 
the fact that there were massive Native die offs, which caused a total replacement of 
ceramic traditions in some areas of the Southeast due to African potters replacing Native 
potters and producing new ceramic wares. Thus, colono ware research in the Southeast 
has provided insight as well as corroborated our historical understanding of the disruptive 
nature of early interactions, which led to rapid decimation of Native peoples in Florida 
and the Caribbean.  
In contrast to the Southeast, in-depth analysis, technological or otherwise, of early 
colonial period ceramics in the Southwest Borderlands is in its infancy. Early historic 
ceramics, as a lens through which change can be examined, have been mostly overlooked 
and understudied in New Mexico (Dick 1968). In particular, colono wares, which are a 
small but significant component of colonial period ceramics in New Mexico, have been 
largely ignored because of the rich prehistoric ceramic traditions of the Southwest 
(Cordell 1997). When colono wares have been documented in New Mexico, it has 
usually been to describe the number of colono ware sherds present and, possibly, the 
provenience. This dissertation, which is the first systematic technological analysis of 
colono wares in the Southwest, is an important contribution to the scholarship of early 
colonial New Mexico, by using archaeological materials to evaluate (and expand) our 
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historical understanding of the nature and magnitude of early interactions in New 
Mexico. 
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4.  Model of Pueblo Persistence, Disruption, or Resilience and Innovation 
This archaeological dissertation uses the material record as an independent line of 
evidence (i.e. separate from the documentary record) to examine the early colonial period 
in New Mexico, with a focus on how Native peoples responded to Spanish contact. The 
key question informing all others is whether or not there is continuity or significant 
technological change in early colonial period ceramics, especially colono wares. 
Evidence of the nature and extent of change will, in turn, inform on questions of Native 
persistence, resilience, and innovation. Specifically, I evaluate whether the late timing of 
settlement, low numbers of Spanish colonists, few recorded disease outbreaks, and 
limited forced relocation, provided a context in which Pueblo Indians were able to resist 
many of the Spanish efforts at directed change by testing the expectation that Pueblo 
ceramic technology remained stable after contact. If so, this might indicate that it was the 
Spanish colonists who adopted many aspects of Pueblo culture, as a way to survive in the 
remote Western Borderlands of the Spanish Empire (Knaut 1995).  
Both colono wares and traditional vessels are analyzed to better understand 
whether technological change/continuity occurred in a subset or all colonial period 
ceramics. Overall continuity in ceramic technology after contact will reflect significant 
cultural resilience in Pueblo groups. Conversely, change in ceramic technology after 
contact will reflect significant disruption and/or innovation in the Pueblo ceramic 
tradition. The Spaniards may or may not have forced the Pueblo potters to make copies of 
certain European wares for them, but they most likely did not tell the Native potters 
(technically) how to produce them. In fact, the Spanish were probably unaware of many 
of the technical aspects of Pueblo pottery manufacture. Thus, changes (if any) in colono 
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wares and/or traditional vessels may have been due to deliberate decisions of Pueblo 
potters in changing social circumstances, such as a new market demand, or, alternatively, 
due to disruption caused by limited access to natural resources, abandonment of a region, 
heavy labor demands (i.e. forced labor), and/or high Native mortality rates leading to 
discontinuity in potter group structure or breakdown in cultural transmission.  
A multi-regional approach is adopted in order to elucidate whether or not Pueblo 
responses (and/or experiences) during the early colonial period were similar across the 
New Mexico colony. Additionally, I evaluate whether or not colono wares are 
technologically distinct from traditional vessels and should be considered a different 
ware. Finally, I evaluate whether a subset of Pueblo potters produced colono wares.  
This chapter consists of: 1) a discussion of how ceramics inform on cultural 
interaction, 2) the acculturative framework of this study, 3) a presentation of the model of 
Pueblo persistence, disruption, and/or resilience and innovation, and 4) a discussion of 
the method of investigation, including methodology and sampling strategy.  
Ceramics Inform on Interaction 
Artifacts are untranslated material remains that can provide a line of physical 
evidence for the investigations of the changes that occurred in Native groups in the early 
colonial period. As such, artifacts have certain advantages over historical documents in 
studying early colonial interaction. The most obvious strength of the archaeological 
record is that it provides a material record of change independent of history. Archaeology 
also is essential for understanding the early colonial period in New Mexico because very 
few historic documents survived the Pueblo Revolt of 1680 (Ramenofsky and Feathers 
2002). 
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Ceramics are particularly useful for understanding cultural interaction because 
they are a conservative and complex technology. In general, ceramic technology is 
conservative because of the resources used, the motor patterns of manufacture, the 
socioeconomic status and contacts of potters, and the inherently risky ceramic 
manufacturing process (Arnold 1985; Foster 1965; Hagstrum 1989; Reina and Hill 1978; 
Rice 1984; Schiffer and Skibo 1987, 1997). It is the conservatism of ceramic technology 
that will be used to elucidate Native persistence or change.  
Ceramics are a plastic medium consisting of many production steps, involving 
different materials and techniques, each of which involves decisions that may be 
culturally determined. Technological style (Lechtman 1977), or choice, underlies formal 
variation in artifacts, and includes all of the decisions that an individual makes during the 
production of an artifact, whether compositional, formal, or decorative (Gosselain 1992; 
Schiffer and Skibo 1997). This concept is particularly useful for investigating complex 
technologies, such as ceramics, that require shared recipes and learning networks within a 
group (Habicht-Mauche et al. 2006; Herhahn 2006; Huntley 2004; Rice 1987; van Hoose 
2008). The choices made in the production of ceramics are bounded by a number of 
factors that are often socially clustered by what Lave and Wenger (1991) call 
communities of practice (Silliman 2009; Stark 2006; Van Keuren 2006). Communities of 
practice are formed through social networks in which potters learn through face-to-face 
learning (Crown 2001; Stark 2006).  
Because there is a range of possible choices and substitutions for each production 
step, ceramic technologies (i.e. recipes) involve intensive, direct learning. Potters share a 
set of manufacturing techniques confined by local tradition, which are taught to each 
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successive generation, creating bounded social units (Crown 2001; Eckert 2008; 
Gosselain 1992). The sharing of information regarding ceramic technology is limited to 
closely related communities (Zedeño 1994). In sum, ceramics are physical manifestations 
of cultural learning and group identity, and can be used to elucidate change/continuity in 
Native groups during the early colonial period.  
Vessel shape is usually considered a highly conservative technological variable 
(e.g. Reina and Hill 1978). However, in the case of colono wares, this empirical 
generalization does not hold. In fact, vessel shape changes (in the form of colono wares) 
are one of the most obvious markers of the contact horizon. The appearance of colono 
wares suggests that Pueblo potters copied European vessel forms readily and without 
difficulty, just as design styles can be copied easily between groups without direct 
learning. Aberrant forms may be examples of vessels that were made when Native potters 
were beginning to experiment with producing European-like vessel forms. However, 
because most technological variables (except vessel shape) are not visible on a finished 
vessel (Carr 1995a, 1995b), we don’t know whether there is only a shape change or 
whether other technological variables also change, signaling a new ceramic tradition. 
Here, I primarily focus on technological variables that are mostly invisible when 
viewing the finished ceramic vessel, and thus, are not easily copied or changed. Whereas 
visible traits are easy to copy and do not require direct learning, less visible traits are 
embedded in the learning networks of a group. Significant changes in these traits will 
inform on Pueblo disruption and innovation. Evaluating Pueblo resistance through 
decorative analysis is outside the scope of this project because the ceramic sample 
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consists of small sherds. Future studies should compare decorations on traditional vessels 
and colono wares to evaluate the question of Pueblo resistance to Spanish hegemony. 
Acculturative Study with a Focus on Native Action 
Colono wares, a hybrid ceramic ware with attributes from hand-coiled, low-fired 
Native American ceramic traditions combined with medieval European vessel forms 
(Goggin 1968; Rolland and Ashley 2000), are a physical manifestation of how Pueblo-
Spanish interactions led to changes in both groups. However, little is known regarding 
the nature and extent of these cultural changes, or even whether Pueblo or Spanish 
peoples were more transformed from these early interactions. I hypothesize that it was 
necessary for Spaniards to adopt Pueblo goods and strategies, and vice versa, through a 
complex process of two-way acculturation, especially in this hinterland of the Spanish 
Empire.  
Because colono wares are an example of Pueblo-Spanish syncretism (Herskovits 
1938), they are a material expression of acculturation as defined by anthropologists in the 
early twentieth century (Barnett 1940; Foster 1960; Linton 1940; Locke and Stern 1948; 
Quimby and Spoehr 1951; Redfield et al. 1936; Spicer 1961). However, I want to avoid 
some of the many deficiencies of the acculturative framework (Cusick 1998; Lightfoot 
1995; Rogers and Wilson 1993; Rubertone 2000), including assumptions of unilineality 
(Deagan 1998; Ramenofsky 1995; Rubertone 2000) and Western superiority (Barnett 
1940; Rubertone 2000), conflation of trait lists and ethnicity (Quimby and Spoehr 1951; 
Rubertone 2000), and an overemphasis of the outcome or level of acculturation as 
opposed to the complex process of interactions and cultural change (Appadurai 1986; 
Rubertone 2000; Singleton and Bograd 2000; Strathern 1988; Thomas 1991; Turgeon 
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1997; Weiner 1989). Finally, I want to avoid the tendency to privilege one culture over 
the other (Alcock 2005; Gasco 2005; Liebmann 2002; Levine 2004; Lightfoot 1995; 
Rubertone 2000; Schreiber 2005; Stein 2005; van Dommelen 2005; Voss 2005), and, 
specifically, to make the assumption that Spaniards were dominant over Native peoples.  
I emphasize that Pueblo Indians were not simply victims of Spanish dominance; 
they were active participants in shaping interactions. The development of colono wares 
represents one such indigenous response to an Empire-wide need for European vessel 
forms. Thus, this research is framed in terms of how Native peoples actively responded to 
Spanish contact, with a focus on Pueblo persistence, resilience, and innovation, not just 
the disruptive consequences. 
Model of Pueblo Resilience, Disruption, and/or Innovation 
My archaeological model elucidates the nature of colonial period interactions in 
New Mexico through the study of colono wares. This model examines colono wares as a 
separate artifact class and compares it to traditional forms that continued to be produced 
following Spanish settlement. Soup plates are the only colono ware form analyzed 
because they are the most common colono ware form in early colonial period 
assemblages in New Mexico (Penman 2002). The term soup plate implies that these 
vessels were used for serving or eating soup only, but this assumption is likely not true. 
Soup plates are small, shallow bowls with everted rims, which were likely used as 
individual serving vessels for food and/or soup (Vernon and Cordell 1991, 1993) (Figure 
4.1).  
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Figure 4.1.  Examples of Glaze-painted Soup Plates.  
From left to right: Glaze-on-red soup plate from San Gabriel del Yungue. Glaze-on-
orange soup plate from San Marcos Pueblo. Glaze-on-yellow soup plate from San 
Marcos Pueblo. Photos by Ann Ramenofsky. 
 
They are likely smaller versions of traditional communal bowls (Spielmann 
2004), used as serving vessels at the household level (Capone 2004; Nelson and Habicht-
Mauche 2006; Warren 1979b) (Figure 4.2). Thus, it is reasonable to compare the 
technology of soup plates and traditional bowls because of their similar function as 
serving vessels. 
 
 
Figure 4.2.  Examples of Glaze-painted Traditional Bowls.  
From left to right: Kotyiti glaze-on-polychrome (Glaze F) bowl from San Marcos Pueblo. 
Kotyiti glaze-on-yellow (Glaze F) bowl from San Marcos Pueblo. Photos courtesy of the 
American Museum of Natural History. Photos by Ann Ramenofsky and Kari Schleher. 
 
I propose three alternative hypotheses that address changes in colonial period 
ceramics, particularly colono wares, using pre-colonial ceramics as a baseline (Figure 
4.3). The hypotheses include: I) Persistence, defined as no technological change in any 
colonial period ceramics, including colono wares, which would suggest stability in 
Native lifeways after Spanish contact, II) Disruption, defined as technological change in 
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all colonial period ceramics, both traditional vessels and colono wares. This outcome 
would suggest externally driven Native change due to Spanish contact that may have 
been caused by a variety of factors (outside of Native peoples’ control), including 
population loss, labor demands of the Spanish, Spaniards limiting access to natural 
resources, Pueblo abandonment of regions, or other unknown factors that resulted in a 
breakdown in cultural transmission, or III) Resilience and Innovation, defined as no 
technological change in traditional vessels after contact, but significant differences in the 
colono wares. This outcome would suggest internally driven change in which potters 
deliberately (consciously) made choices in response to Spanish contact, including 
imitation of European vessel forms and/or other Spanish traits (Figure 4.3).  
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I. PUEBLO PERSISTENCE 
NO TECHNOLOGICAL CHANGE AT CONTACT 
VESSEL FORM CHANGE ONLY 
 
A = B = C 
        
           1500       1700 
 
 
 
II. PUEBLO DISRUPTION  
TECHNOLOGICAL CHANGE IN ALL COLONIAL PERIOD CERAMICS 
SIMILAR TO SOUTHEAST   
 
A  B = C 
                                
             1500         1700 
 
 
 
III. PUEBLO RESILIENCE AND INNOVATION 
TECHNOLOGICAL CHANGE IN COLONO WARES ONLY 
COLONO WARES A NEW TRADITION? 
 
A = B   C    
       
           1500                        1700 
 
 
Figure 4.3.  Alternative Hypotheses of Model. 
A = Technological style of pre-colonial traditional bowls 
B = Technological style of colonial period traditional bowls 
C = Technological style of colonial period colono wares 
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The null hypothesis (Model I) will be supported if there are no technological 
changes in ceramics manufactured after contact. The null hypothesis will reflect that the 
only change in colonial period ceramics was the adoption of new vessel forms. If this 
hypothesis is supported, then there was substantial cultural continuity with little 
disruption in Pueblo groups and potters resisted elements of formal Spanish influence. If 
early colonial period interactions are characterized by Pueblo persistence, this will be 
significantly different than what was experienced in the Southeast where there was 
overall disruption with a few pockets of resilience.  
Alternatively, the second hypothesis will be supported if there are technological 
changes in all colonial period ceramics, including both traditional vessels and colono 
wares. If this hypothesis is correct, then a major break at contact in Pueblo ceramics 
occurred, indicating major disruption, at a scale similar to that experienced in the 
Southeast. If disruption is supported, this suggests that change in Pueblo ceramics was 
caused by a breakdown in cultural transmission due to external forces, such as population 
loss, heavy labor demands, limited access to natural resources, and/or abandonment of 
regions. Specifically, Capone’s idea of a shift to expedient technology during the 
settlement-mission period will be evaluated by determining whether or not differences 
between traditional vessels before and after contact can be explained by expedient 
technology in colonial period ceramics. 
The third hypothesis will be supported if there are significant technological 
changes in colono wares only, and no change in traditional vessels before and during the 
early colonial period. The third hypothesis will indicate that vessel form changes in the 
form of colono wares were accompanied by other changes related to morphology, 
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decoration, and/or technology. If this hypothesis is correct, it will suggest no overall 
discontinuity at contact in Pueblo ceramics (i.e. no disruption) and, therefore, resilience 
in Pueblo groups. If the third hypothesis is supported, I will evaluate whether the 
technology of colono wares (new vessel forms) is as different as the morphology, 
constituting the beginning of a new modern Pueblo ceramic tradition. Additionally, I will 
evaluate whether or not these differences in colono wares indicate substantial innovation 
on the part of Pueblo potters in the context of a new market demand. To evaluate the idea 
of innovation, I will examine variability of colono wares in terms of morphology, 
decoration, and technology. High variability in colono wares among pueblos and/or 
regions may indicate that Pueblo potters had flexibility to manufacture the new vessel 
forms in innovative ways outside of Spanish control. Low variability (or high 
standardization) may suggest that the Spaniards were controlling production of colono 
wares and were forcing Pueblo potters to manufacture the new vessel forms using a 
“Spanish mold”. Finally, I will examine the possibility that a subset of potters produced 
colono wares, which may explain the technological differences between colono wares 
and traditional vessels. 
Method of Investigation 
In this dissertation, I utilize a multi-regional approach to address Pueblo 
persistence, disruption, or resilience and innovation across the colony of New Mexico. 
Ceramics are analyzed from several mission and non-mission contexts in central and 
northern New Mexico, and, thus, provide a broad lens for studying the effects of Spanish 
contact. A multi-regional approach is important because we know that the Spaniards were 
in more than one place, which may have led to a range of Pueblo-Spanish interactions 
69 
 
and Pueblo responses, resulting in differential Pueblo persistence. This approach also 
allows for a comparison of colono wares across regions (and contexts) to determine if 
these new vessel forms were made in the same fashion, with an overarching technological 
style that could indicate Spanish control over the production of these wares, perhaps with 
forced labor.  
This study capitalizes on Anna Shepard’s (1942, 1965) superb petrographic 
research of glaze-painted ceramics. Trained as a geologist, Shepard employed 
petrography to fingerprint glaze-painted ceramics to relatively small production areas 
within the geologically variable Rio Grande and, in some cases, to specific pueblos. 
Shepard also conclusively demonstrated that glaze-painted ceramics were exchanged 
widely throughout the Rio Grande region, which was counter intuitive to most 
archaeologists of her era. By focusing on the mineralogy of ceramics to identify likely 
sources, she was able to link sources to geography. Before Shepard, archaeologists had 
inferred the location of production based on the criterion of abundance of ceramic types 
present at a site. Shepard made a similar assumption, but her unit of analysis was 
temper/aplastic type (mineral inclusions added to the clay by potters). Shepard’s sample 
sizes were extremely large, including thousands of ceramics from dozens of pueblos with 
a diversity of temper types. For instance, she analyzed 957 thin sections from the Pecos 
area alone (Goff 2005). 
Shepard’s method of investigation is the springboard for this study in that I use 
petrography to identify source and production areas, i.e. Shepard’s Glaze Districts or 
individual pueblos. First, I create a taxonomy of ceramic temper types to identify location 
of production. Next, ceramics are separated into temporal/formal units for comparison, 
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including pre-colonial bowls, colonial period bowls, and colonial period soup plates. The 
assumption guiding this investigation is that ceramics from each production area were 
made by a group of potters with their own technological style. That style was passed 
down through generations through direct learning. Bracketing ceramic temporal and 
formal units by temper ensures that comparable kinds are being compared. The use of 
temporal/formal units facilitates comparison of locally produced ceramics through time. 
Several multi-scalar approaches (i.e. formal, mineralogical/petrographic, and 
chemical) are employed to address the research questions. Except for chemical analyses 
undertaken at the University of Missouri Research Reactor, I conducted all of the 
analyses. The petrographic inspection was conducted to 1) identify temper types (i.e. 
location of production), 2) provide a compositional analysis (i.e. frequencies of clay, 
aplastics, and voids), 3) determine clay and temper preparation (i.e. void analysis, 
aplastic grain size analysis, angularity, and sphericity), and 4) to reconstruct 
production/exchange patterns of ceramics within the Rio Grande region. Formal analyses 
were conducted to measure variables related to morphology, surface treatments, 
decoration, and firing. Multiple variables, both microscopic and macroscopic, were 
measured to evaluate different aspects of ceramic technology, but also to determine 
whether or not there is consistency among the variables in evaluating the model (in terms 
of ceramic change or continuity). Finally, instrumental neutron activation analysis 
(INAA), a bulk analytical approach, is conducted to compare chemical groups among 
traditional and colono ware forms to determine whether or not a subset of potters 
produced colono wares. 
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The statistical methods routinely employed are analysis of variance (ANOVA) for 
the continuous data and chi-square for the nominal data. ANOVA tests the equality of 
means by using variances. One of the assumptions for the ANOVA is that the populations 
from which the samples were obtained must approximate a normal distribution. When 
this assumption is not met, alternate non-parametric tests are used, such as Kruskal-
Wallis, which is a one-way analysis of variance based on ranks that test for equality of 
population medians among groups (Kruskal and Wallis 1952). For nominal data, chi-
square analysis provides a method for testing whether variables are statistically 
independent or associated.  
Rio Grande Glaze-painted Ceramics 
The focus on Rio Grande glaze-painted ceramics was chosen in part because of 
their wide distribution in settlements across New Mexico and their timing of production, 
which spans late prehistory through the early colonial period. Additionally, glaze-painted 
ceramics have been the focus of extensive study (Eckert 2006; Habicht-Mauche et at. 
2000; Habicht-Mauche 2006; Herhahn 2006; Kidder and Shepard 1936; Mera 1933; 
Schleher 2010; Shepard 1942; Warren 1979a, 1979b, 1981a, 1981b; Warren and Snow 
1976), and provide a baseline for exploring the relationship between traditional bowls 
and soup plates. This dissertation capitalizes on previous glaze-painted ceramic research, 
especially in terms of control of time and provenance. 
Glaze wares were one of three dominant decorated wares in the prehistoric Rio 
Grande region (Glaze wares, Biscuit wares, and Jemez Black-on-white), each with more 
or less discrete distributions, described as ceramic zones (Mera 1934, 1935, 1940) 
(Figure 4.4). It is generally thought that each ceramic zone represented a sphere of 
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primary interaction (Creamer 1996). Graves and Eckert (1998) have shown that the 
iconographic representations and design motifs were significantly different among the 
three decorated wares, in terms of slip color, overall aesthetics, iconography, and design  
motifs. They argue that this indicates that there were meaningful cultural boundaries 
and/or group affiliation based on ideology among the three ceramic zones.  
The earliest descriptions and classifications of Rio Grande glaze-painted ceramics 
were made by Nelson (1916), Mera (1933), and Kidder and Shepard (1936). From this 
early work, a glaze ware sequence was developed in which rim shape was the most 
diagnostic temporal indicator. Mera’s glaze ware sequence begins with Glaze A and ends 
with Glaze F (or at Pecos, begins with Glaze I and ends with Glaze VI) (Table 4.1). In 
this study, rim forms are exclusively used because they constitute the best criteria for 
distinguishing between types in the glaze ware sequence (Kidder and Kidder 1917; Mera 
1933). 
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Figure 4.4.  Ceramic Production Zones. 
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The dates of production for each glaze type are based on tree-ring cross-dates 
(McKenna and Miles 1991) (Table 4.1). One caveat is that the cross-dates for glaze-
painted ceramics may not accurately address the production span of each type (Snow 
1997). The production dates of Glaze A Yellow are especially problematic (Ramenofsky 
2009), but this glaze type is not used in this study. Even though the bounding dates may 
be off, rim shapes provide strong temporal signals, and Glaze A through Glaze F 
ceramics were produced sequentially, albeit with some overlap.   
Table 4.1.  Tree-ring Cross-dates for Rio Grande Glaze Ceramics 
Glaze Type Dates (A.D.) Time Period 
Glaze A/I 1315-1425 Pre-colonial-not used in study 
Glaze B/II 1400-1450 Pre-colonial-not used in study 
Glaze C/III 1425-1490 Pre-colonial 
Glaze D/IV 1490-1515 Pre-colonial 
Glaze E/V 1515-1650/1700 Early colonial 
Glaze F/VI 1625-1700 Early colonial 
 
For this study, Rio Grande Glaze C (A.D. 1425-1490) and D (A.D. 1490-1515) 
bowls, which were produced before contact, are used as a baseline for comparisons with 
colonial period Glaze E (A.D. 1515-1650/1700) and Glaze F (A.D. 1625-1700) bowls 
and soup plates. Glaze C and D both were produced well before the first Spanish 
explorers came to New Mexico. Thus, they represent pre-colonial ceramics. In contrast, 
Glaze E ceramics were produced during the Spanish exploration period into the 
settlement period, with some early Glaze E ceramics possibly predating Spanish contact 
by up to twenty-five years. Glaze F ceramics were produced slightly later, beginning in 
the Spanish settlement period and ending with the Pueblo Revolt. Finally, glaze-painted 
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soup plates are assumed to be a seventeenth century form, contemporaneous with Glaze F 
bowls (Mera 1933). Thus, Glaze E and F bowls and soup plates represent early colonial 
period ceramics.  
Spatial Sample 
Ceramic assemblages were analyzed from two mission pueblos, Pecos Pueblo 
(LA 625) and San Marcos Pueblo (LA 98), and the first two Spanish capitals, San Gabriel 
del Yungue (LA 59) and Palace of the Governor (LA 111322) (for History of Work, 
Table 4.2).  
Table 4.2.  History of Work 
Pecos Pueblo San Marcos Pueblo Yungue Palace  
Kidder and Kidder 1917 Nelson 1915 Ellis 1987 Snow 1974 
Kidder and Amsden 1931 Mera 1940 Ellis 1989 Post 2002 
Kidder 1932 Reed 1954   
Kidder and Shepard 1936 Haas and Creamer 1992   
Kidder 1951 Creamer 1994   
Pinkley 1968 Creamer and Renken 1994   
Hayes 1974 Welker 1997   
Hayes 1980 Ramenofsky and Pierce 1998   
Ivey 1996 Ramenofsky 1999   
 Pierce and Ramenofsky 2000   
 Thomas 2000   
 Ramenofsky 2001   
 Ramenofsky and Pierce 2003   
 Ivey and Thomas 2005   
 Vaughan 2006   
 Schleher 2010   
 
These represent four localities across four regions with different histories of use in 
central and northern New Mexico (Figure 4.5). All were occupied before and during the 
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early colonial period, except for Palace of the Governor, which was occupied beginning 
in 1610 (Post 2002). Thus, ceramics from all but Palace of the Governor consist of pre-
colonial and colonial period ceramics. The Palace of the Governor assemblage consists of 
colonial period ceramics only.  
 
Figure 4.5.  Study Area. 
 
These pueblos/settlements provide different contexts of Pueblo-Spanish 
interaction, and have adequate samples of colono wares. Pecos Pueblo, located on the 
eastern edge of the Pueblo world, served as a major center of trade between the Pueblo 
and Plains Indians (Baugh 1991; Habicht-Mauche 2000; Kessell 1987; Kidder 1924; 
Spielmann 1989, 1991; Spielmann et al. 1990). This large pueblo was occupied from the 
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A.D. 1300’s to 1831 (Kidder and Shepard 1936; Levine and LaBauve 1997; Penman 
2002; White 1996). At contact, Spanish explorers estimated that approximately two 
thousand Pueblo Indians lived at Pecos (Kessell 1987). San Marcos Pueblo, located in the 
Galisteo Basin, also had a long Native occupation history that began in the A.D. 1300’s 
and ended at the Pueblo Revolt of 1680 (Ramenofsky et al. 2008; Snow 2008) with five 
distinct abandonment periods (Ramenofsky 2000, 2001; Ramenofsky et al. 2009). San 
Marcos Pueblo was a center of production and trade of glaze-painted ceramics, especially 
between A.D. 1350 and 1475 (Warren 1970; Shepard 1942). San Gabriel del Yungue, the 
first Spanish capital in New Mexico, was established in 1598 by Don Juan de Oñate 
(Hammond and Rey 1953). This early capital, located at the confluence of the Rio Chama 
and the Rio Grande at San Juan pueblo, was moved to Santa Fe in 1610. The Palace of 
the Governor, built in 1608 by Governor don Pedro de Peralta, served multiple functions 
including the governor’s home, government offices, and a military post, and was the only 
Spanish villa in New Mexico before the reconquista (Hazen-Hammond 1988; Hoerig 
2003; Post 2002; Snow 1974).  
Three of the four pueblos/settlements are located within distinct glaze-painted 
ceramic production areas (i.e. Shepard’s [1942] Glaze Districts) (Figure 4.6). San Marcos 
Pueblo is located in the Galisteo District, Pecos Pueblo in the Pecos District, and San 
Gabriel del Yungue in the Rio Arriba District. Palace of the Governor is not in an area 
known to have produced glaze-painted ceramics. It is included because it supported the 
most concentrated Spanish population in the seventeenth century. It is expected that all of 
the glaze-painted ceramics at the Palace are imports from the surrounding production 
areas. 
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Glaze-painted ceramics are the dominant decorated ware at each site, except at 
Yungue where Biscuit wares are most common. At Yungue, less than ten percent of the 
decorated wares are glaze-painted ceramics.  
 
 
Figure 4.6.  Glaze Districts in North-Central New Mexico (Shepard 1942:145). 
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Ceramic Sample 
683 ceramics were analyzed from these four pueblos/settlements, including 130 
glaze-painted pre-colonial bowls, 334 glaze-painted colonial period bowls, 205 glaze-
painted soup plates, and 14 undecorated soup plates (Table 4.3, see also Appendix A).  
Table 4.3.  Ceramic Samples by Glaze Type 
Pueblo/Settlement 
Glaze 
C 
Glaze 
D 
Glaze 
E 
Glaze 
F 
Glaze 
SP 
Plain 
SP 
Total 
Pecos 30 30 29 27 57 0 173 
San Marcos 23 24 23 23 25 14 132 
Yungue 2 21 14 146 78 0 261 
Palace of the Governor 0 0 25 47 45 0 117 
Total 55 75 91 243 205 14 683 
 
The ceramic sample is from four collections housed at several museums in New 
Mexico, including Pecos National Historical Park (Pecos), the Maxwell Museum (San 
Marcos and Yungue), and the Office of Archaeological Studies (Palace of the Governor) 
(Table 4.4). The Pecos ceramics are from A.V. Kidder’s excavations (1915-1929), the 
San Marcos ceramics are from Dr. Ann Ramenofsky’s systematic surface collections 
(1997-2002), the Yungue ceramics are from Florence Hawley Ellis’ excavations (1959-
1962), and the Palace of the Governor ceramics are from Steve Post’s excavations (2002-
2004). The fieldwork was conducted by the following institutions: the Phillips Andover 
Academy (Pecos), the University of New Mexico (San Marcos and Yungue), and the 
Office of Archaeological Studies, Museum of New Mexico (Palace of the Governor). 
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Table 4.4.  Collections Analyzed 
Pueblo/ 
Settlement 
Collection 
Used 
Collection 
Type 
Collection 
Housed 
All Glaze 
SP 
Glaze SP 
Analyzed 
San Marcos 
Ramenofsky 
1997-2002 
systematic 
surface 
Maxwell 
Museum 
25 25 
Pecos 
Kidder        
1915-1929 
large-scale 
excavation 
Pecos NHP 195 57 
Yungue 
Ellis             
1959-1962 
large-scale 
excavation 
Maxwell 
Museum 
82 78 
Palace 
Post  
2002 
small-scale 
excavation 
Office of 
Archaeological 
Studies 
88 45 
 
Although all collections contain large samples of glaze-painted traditional bowls, 
glaze-painted soup plates are relatively rare in all collections, constituting less than 1 
percent of each assemblage. Pecos has the largest samples of glaze-painted soup plates 
(n=195) and San Marcos had the fewest (n=25). However, many of the Pecos soup plate 
rims were probably from the same vessels. Thus, during sampling, an effort was made to 
avoid analyzing multiple sherds from the same vessel.  
Differences in frequencies of glaze-painted soup plates may be a result of 
different sampling strategies (i.e. excavation or surface collection, partial/entire site, etc.). 
For instance, the Pecos soup plates were from Kidder’s massive, early twentieth-century 
excavations of the entire pueblo (Kidder 1932, 1951, 1958; Kidder and Amsden 1931; 
Kidder and Kidder 1917; Kidder and Shepard 1936). In contrast, the San Marcos soup 
plates were procured during systematic surface collections, which netted far fewer 
artifacts. Differences in frequencies of glaze-painted soup plates also may be a function 
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of the nature of ceramic analysis completed, and whether analysts were trained in colono 
ware identification.  
Sampling Issues 
The nature of the individual collections required different sampling strategies. 
Originally, I had planned to query databases and randomly select ceramics from each 
collection. However, Yungue ceramics were unsorted and unanalyzed, and most were in 
unopened bags from Ellis’ original 1960s excavations. For the Yungue material, I 
examined the entire collection bag by bag. It took several weeks to go through about forty 
boxes of ceramics in which I identified and selected all of the glaze-painted bowls 
(n=183) and glaze-painted soup plates (n=82). By contrast, the Pecos collection has a 
database, but it was not very useful because, for the most part, the ceramics were not 
sorted or entered by glaze type. For the Pecos material, I used the database for an initial 
search, but ended up having to physically pull many boxes to identify rim types and 
select the sample. On the other hand, the Pecos database was useful in identifying all 
soup plates (n=494). I then sorted through these to separate out soup plates with glaze-
paint (n=195). Finally, the San Marcos and Palace of the Governor ceramics had received 
in-depth analysis and were entered into sophisticated databases. Thus, I was able to run 
database queries for all of the San Marcos and Palace of the Governor glaze-painted soup 
plates and bowls. 
Additionally, differences in procurement strategies among the collections led to 
significant differences in the size of sherds, which affected the analysis. Specifically, 
because the San Marcos ceramics were from a surface collection, they were noticeably 
smaller in size than ceramics from the other collections, which were from excavations. 
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To overcome size bias, I established a sampling protocol in which I only analyzed sherds 
weighing at least five grams. Despite this control, it was difficult, and sometimes 
impossible, to measure some of the variables on some of the smaller San Marcos 
ceramics (e.g. rim length, rim diameter, etc.).  
Another difference among the collections was that of provenience control. 
Provenience was excellent for the San Marcos and Palace of the Governor collections, 
but was problematic at Pecos and Yungue. This was due in part to the fact that the Pecos 
and Yungue collections came from excavations conducted over forty years ago. Many of 
the Pecos sherds had no provenience beyond the site level, and were labeled simply 
“General Digging”. For the Yungue collection, provenience information was uneven. 
Most bags were labeled with room designation and depth (usually at the scale of 6” 
levels). However, some of the bags had little information (e.g. “morning glory patch”) or 
were labeled “San Juan”, which may indicate they came from the pueblo located across 
the river from Yungue. Ceramics in bags with questionable provenience were not 
included in the analysis. In sum, because of problems with provenience, I decided to 
confine my interpretations to the scale of pueblo/settlement, and not make intra-site 
comparisons. 
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5.  Temper Classification 
As stated in the previous chapter, the first step in undertaking this analysis is to 
identify tempers for all of the ceramics to control for location of production when 
examining the question of change/continuity in ceramics through time (i.e. pre-colonial 
vs. colonial period) and between forms (i.e. colono wares vs. traditional vessels). To this 
end, I use petrographic and macroscopic analysis to identify kinds of temper in much the 
same way as Shepard (1942). An underlying assumption in both Shepard’s and my work 
is that most of the rock inclusions in the clay were intentionally added by potters as 
temper, and are not naturally-occurring aplastics. I then use the resulting separation to 
identify local versus imported ceramics at each pueblo/settlement to infer regional 
interaction and trade patterns.  
Toward this goal, 393 of the 683 (58 percent) ceramic sherds in the study were 
selected and made into thin sections so that temper type could be identified under a 
polarizing microscope (i.e. petrographically) (Table 5.1). For the other 290 sherds (42 
percent), temper type was identified using a binocular microscope. These identifications 
were undertaken after the petrographic analysis was completed so that I was very familiar 
with the range of temper types and their diagnostic optical characteristics.  
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Table 5.1.  Petrographic Thin Section Sample 
Pueblo/ 
Settlement 
Glaze C & D 
(pre-colonial) 
Glaze E & F 
(colonial) 
Glaze SP Plain SP Total 
San Marcos 46 46 25 14 131 
Pecos 30 30 30 0 90 
Yungue 20 36 29 0 85 
Palace 0 58 29 0 87 
Total 96 170 113 14 393 
 
The original strategy was to have a petrographic sample consisting of thirty glaze-
painted soup plates (Glaze SP), colonial period bowls (Glaze E-F), and pre-colonial 
bowls (Glaze C-D) from each pueblo/settlement. However, there were few or no pre-
colonial glaze-painted ceramics at San Gabriel del Yungue and Palace of the Governor. 
At every pueblo/settlement, an effort was made to have at least twenty-five thin sections 
for each ceramic group (i.e. C-D, E-F, and SP). The sample at San Marcos Pueblo was 
larger because I included sixteen Glaze C-D and sixteen Glaze E-F thin sections made 
and analyzed for another study (Schleher 2010).  
All the thin sections were made from cross-sections of rim sherds. The ceramic 
specimens were prepared into polished thin sections impregnated with epoxy, by Quality 
Thin Sections in Tucson, Arizona, so that they could be used in the current petrographic 
analysis as well as in future electron microprobe analyses. Unfortunately, many of the 
polished thin sections were not polished well enough for electron microprobe analysis 
(M. Spilde, personal communication 2007). However, this problem did not affect the 
current study because the thin sections were adequate for the petrographic analysis.  
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First, I examined all of the thin sections and familiarized myself with the range of 
variability in temper types. After examining the thin sections several times and 
completing a preliminary sort, I identified the different temper types. I was able to 
identify the temper types primarily by identifying the large rock fragments in the fine-
grained clay fabric (i.e. micromass). Individual mineral fragments were less useful than 
rock fragments in temper identification. Dr. Wolf Elston, Emeritus Professor from the 
Earth and Planetary Sciences, at the University of New Mexico, was instrumental in 
helping me identify three of the temper types: tuff rock, vitric tuff, and Pajarito andesite. I 
also used Helene Warren’s type collection of temper types from the Laboratory of 
Anthropology as a reference guide.  
Petrographic Results 
The petrographic analysis showed 15 temper types (Table 5.2), including those 
identified both petrographically and microscopically. The temper type of four of the 683 
sherds could not be identified, including two made into thin sections. Thus, four sherds 
were eliminated from the analysis resulting in a total sample of 679 sherds. 
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Table 5.2.  Temper Types by Glaze Type 
Temper Type 
Glaze 
C 
Glaze 
D 
Glaze 
E 
Glaze 
F 
Glaze 
SP 
Plain 
SP 
Total 
Augite monzonite 23 17 14 29 29 3 115 
Basalt 0 0 0 0 0 2 2 
Basalt, vitro 1 0 0 0 0 0 1 
Latite/Monzonite 0 0 0 0 1 0 1 
Granitoid? 0 0 0 1 0 0 1 
Hornblende latite 8 12 9 48 28 2 107 
Hornblende monzonite 0 0 1 0 0 0 1 
Latite 0 1 1 0 0 0 2 
Olivine basalt 0 0 2 1 0 0 3 
Pajarito andesite 0 4 3 33 16 0 56 
Sand/siltstone 22 24 56 13 59 1 175 
Sandy monzonite 0 0 0 0 0 6 6 
Tuff rocks 0 11 1 5 0 0 17 
Vesicular basalt 1 1 0 0 0 0 2 
Vitric tuff 0 4 4 113 69 0 190 
Total 55 74 91 243 202 14 679 
 
The seven most common temper types identified through the petrographic 
analysis are sand/siltstone, augite monzonite, hornblende latite, vitric tuff, Pajarito 
andesite, tuff rocks, and sandy monzonite (Table 5.3).  
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Table 5.3.  Most Common Temper Types in Petrographic Sample 
Temper Type 
Glaze 
C 
Glaze 
D 
Glaze 
E 
Glaze 
F 
Glaze 
Soup 
Plate 
Plain 
Soup 
Plate 
Total 
Sand/siltstone 13 13 43 7 31 1 108 
Augite monzonite 20 16 12 25 25 3 101 
Hornblende latite 5 9 8 33 19 2 76 
Vitric tuff 0 3 3 17 32 0 55 
Pajarito andesite 0 2 3 8 4 0 17 
Tuff rocks 0 11 1 5 0 0 17 
Sandy monzonite 0 0 0 0 0 6 6 
All 38 54 70 95 111 12 380 
 
Specifically, 53 percent of the Glaze C bowls have augite monzonite temper. The 
second most common temper type for Glaze C bowls is sand/siltstone (34 percent), 
followed by hornblende latite (13 percent). Glaze D bowls are tempered with augite 
monzonite (30 percent), sand/siltstone (24 percent), tuff rocks (20 percent), hornblende 
latite (17 percent), vitric tuff (6 percent), and Pajarito andesite (4 percent). Glaze E bowls 
are mostly tempered with sand/siltstone (61 percent). The next most common temper 
types for Glaze E bowls are augite monzonite (17 percent) and hornblende latite (11 
percent), with fewer numbers of Pajarito andesite (4 percent), vitric tuff (4 percent), and 
tuff rocks (1 percent). Glaze F bowls are mostly tempered with hornblende latite (35 
percent), augite monzonite (26 percent), and vitric tuff (18 percent), with fewer numbers 
of Pajarito andesite (8 percent), sand/siltstone (7 percent), and tuff rocks (5 percent). 
Glaze-painted soup plates are mostly tempered with vitric tuff (29 percent), sand/siltstone 
(28 percent), augite monzonite (22 percent), and hornblende latite (17 percent), with 
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fewer numbers of Pajarito andesite (4 percent). Finally, half of the plain soup plates are 
tempered with sandy monzonite (50 percent), with fewer numbers of augite monzonite 
(25 percent), hornblende latite (17 percent), and sand/siltstone (8 percent).  
 
 
Figure 5.1.  Temper Frequency by Glaze Type. 
 
In terms of temper type diversity (Figure 5.1), Glaze C bowls are the least diverse 
with only three temper types well represented (augite monzonite, sand/siltstone, and 
hornblende latite), whereas Glazes D, E, and F bowls are the most diverse with six 
temper types represented (all but sandy monzonite). However, the lower temper type 
diversity in Glaze C bowls (n=38) may correspond to their smaller sample size as 
compared to Glaze D bowls (n=54), Glaze E bowls (n=70), and Glaze F bowls (n=95). 
Glaze-painted soup plates are slightly less diverse with five temper types represented (all 
but sandy monzonite and tuff rock). Thus, the diversity of temper types among glaze-
painted bowls and soup plates suggests that both vessel forms were produced throughout 
many production areas. Interestingly, plain soup plates are slightly less diverse than 
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glaze-painted soup plates, with four temper types represented (augite monzonite, 
hornblende latite, sand/siltstone, sandy monzonite), even though the sample includes just 
twelve plain soup plates as compared to 111 glaze-painted soup plates.  
Criteria for Identification of the Most Common Temper Types 
The criteria for identification of the most common temper types (i.e. n>5) are 
described below (see also Figure 5.2 for photomicrographs). 
Augite monzonite: augite, plagioclase with zoning, potassium feldspar (orthoclase), 
weathered appearance of coarse-grained rock fragments, biotite, magnetite, equal 
amounts of plagioclase and potassium feldspars (~40 percent each). 
Hornblende latite: hornblende, plagioclase with zoning, potassium feldspar (rare 
compared to plagioclase), some crystals well formed, magnetite, fine-grained rock 
fragments. 
Pajarito andesite: high frequency of plagioclase, hornblende, quartz crystals, plagioclase 
minerals oriented (suggestive of lava flow formation), smaller crystals, absence of 
potassium feldspar. 
Sand/siltstone: sand/siltstone fragments, quartz, plagioclase, potassium feldspar, quartz 
always more abundant than the feldspars, chlorite, flakes of mica. 
Sandy monzonite: similar in appearance to augite monzonite (see above), except no 
augite crystals and more quartz.  
Tuff rocks: crystal rich, potassium feldspar, sanidine, glassy, quartz, pumice. 
Vitric tuff:  angular glass shards, pumiceous fragments, crystal poor, but glass rich. 
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Figure 5.2.  Photomicrographs of the Most Common Temper Types. 
Cross Polarized Light, at ~4x. From left to right (top row): augite monzonite, hornblende 
latite, and sand/siltstone. From left to right (bottom row): vitric tuff, Pajarito andesite, 
and tuff rocks. 
 
Associating Temper Types with Geologic Locations 
Based on Anna Shepard’s work, most of the ceramic thin sections could be 
assigned to production areas, or Shepard’s (1942) Glaze Districts (Figure 4.6). Because 
certain tempers were likely exclusively used by potters of certain pueblos, the 
associations were sometimes to the spatial scale of pueblo. For example, augite 
monzonite, hornblende latite, and sandy monzonite are all considered andesites from 
Shepard’s Galisteo District (Shepard 1942). More specifically, augite monzonite temper 
is known to have been used by San Marcos Pueblo potters (Habicht-Mauche 1988, 1993; 
Nelson and Habicht-Mauche 2006; Warren 1979b, 1981a). Sandy monzonite temper also 
was likely used by San Marcos Pueblo potters because it is the most common temper type 
in plainware ceramics found at San Marcos Pueblo (this dissertation; J. van Hoose, 
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personal communication 2008). Hornblende latite was used to temper glaze-painted 
ceramics at many pueblos throughout the Galisteo Basin (Habicht-Mauche 1993; Warren 
1979b, 1981a), as well as at Tonque Pueblo (Habicht-Mauche 1993; Warren 1969, 
1979b, 1981a). Specifically, crushed hornblende latite rock was used as temper at Pueblo 
Blanco and San Lázaro, both large pueblos within the Galisteo Basin, and hornblende 
latite ash (mostly well formed phenocrysts with no glassy matrix) at Tonque Pueblo (J. 
Habicht-Mauche, personal communication 2009). Siltstone and stream sand temper 
identifies ceramics produced at Pecos Pueblo in the Pecos District (Habicht-Mauche 
1988; Kidder and Shepard 1936; Shepard 1942; Warren 1981a). Pajarito andesite, tuff 
rocks, and vitric tuff tempers, all predominantly found at Yungue, are from Shepard’s Rio 
Arriba (Chama) and Pajarito Districts (Shepard 1942; Warren 1979b, 1981a).  
Even though Pueblo potters living in the geologically diverse Rio Grande region 
had many choices when selecting tempering materials, temper choice seems to have been 
uniform and conservative within each community of potters, and likely tied to identity 
and possibly cosmology. For instance, at San Marcos Pueblo, augite monzonite was the 
preferred tempering material in glaze-painted ceramics despite the fact that these rocks 
were not the most expedient choice in terms of their proximity to the pueblo. Hornblende 
latite, which was used by potters at several other Galisteo Basin Pueblos, and was 
functionally equivalent, could have been procured in outcrops very close to San Marcos. 
Instead, potters from San Marcos Pueblo chose to travel slightly further to the Cerrillos 
Hills to obtain augite monzonite (Erskine and Smith 1993; G. Smith, personal 
communication 2009). Interestingly, augite monzonite is found in close association with 
turquoise deposits in the Cerrillos Hills (G. Smith, personal communication 2009). The 
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Cerrillos Hills also are known to have been an important source of the lead galena, a 
main ingredient in the glaze-paint recipe. The significance of the Cerrillos Hills, 
cosmologically, likely played a role in the San Marcos potters’ preference for augite 
monzonite as temper for glaze-painted ceramics. Potters from San Marcos Pueblo may 
have preferred augite monzonite because the rocks were collected from a sacred place, 
which may have instilled San Marcos glaze-painted ceramics with special meaning (or 
power). 
For the tempers from the Rio Arriba and Pajarito Plateau Districts, Dr. Gary 
Smith, Professor from the Earth and Planetary Sciences, at the University of New 
Mexico, helped to determine likely geologic sources. According to Smith, the vitric tuff 
temper likely derives from the crystal-poor ash beds in the Chamita Formation, relatively 
close to Yungue (G. Smith, personal communication 2007). Thus, ceramics with vitric 
tuff temper are likely produced at Yungue. In fact, Florence Hawley Ellis defined these 
ceramics as “Yunque Glaze Polychrome”, a variant of San Juan Red-on-orange with a 
glaze-paint decoration (Honea 1966). Vitric tuff may also have been used as temper for 
glaze-painted ceramics produced at San Juan Pueblo, or possibly other nearby Tewa 
pueblos (D. Snow, personal communication 2009). 
Likewise, according to Smith, Pajarito andesite-tempered ceramics are potentially 
local to Yungue. Pajarito andesite sands are probably found closer to San Ildefonso and 
Santa Clara pueblos than to Yungue (G. Smith, personal communication 2007). The 
Pajarito andesite temper likely derives from the andesitic-rich sands of the Puye 
Formation or Tschicoma Formation, located about four kilometers from Yungue. These 
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sands may be even closer to Yungue due to run off and erosion (G. Smith, personal 
communication 2007).  
 The presence of sanidine in the tuff rock temper suggests that the Bandelier Tuff 
located in the Jemez Mountains is a likely source (G. Smith, personal communication 
2007). Microprobe analysis of several sherds from Yungue (i.e. YUND02, YUND05, 
YUND09, and YUND16), conducted by Kari Schleher and myself, under the supervision 
of Mike Spilde, at the Institute of Meteoritics Electron Microbeam Facility, at the 
University of New Mexico, confirmed the petrographic identification of sanidine.  
Seven production areas were represented in the ceramic sample, including the 
Galisteo Basin, Pajarito Plateau, Rio Arriba (Chama), Pecos, Jemez Mountains, Zia/Santo 
Domingo Basin, and Bernalillo/Cochiti area (Table 5.4). Additionally, several of the 
temper types could be assigned to individual pueblos (Table 5.4), including augite 
monzonite and sandy monzonite tempers at San Marcos Pueblo, sand/siltstone temper at 
Pecos Pueblo, and vitric tuff temper at San Gabriel del Yungue. The Pajarito andesite 
temper possibly represented production at Yungue, but was more likely at San Ildefonso 
and/or Santa Clara Pueblos (or other Tewa pueblos). Hornblende latite temper was used 
at multiple pueblos throughout the Galisteo Basin, including Pueblo Blanco and San 
Lázaro, as well as at Tonque Pueblo. For this study, all of the hornblende latite-tempered 
ceramics are analyzed together and considered as Other Galisteo Basin.  
One caveat in assuming ceramics with specific tempers were produced at 
individual pueblos is that potters at other pueblos (especially those pueblos where there 
has been no compositional analysis) may have used the same rocks as tempering 
materials. For instance, potters at San Marcos Pueblo were the only ones currently known 
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to have used augite monzonite to temper glaze-painted ceramics. However, additional 
compositional analyses at other pueblos are needed to evaluate whether augite monzonite 
was used exclusively at this pueblo or, alternatively, by more than one potter group. 
Thus, in this study, I infer associations between ceramics with certain temper types and 
specific pueblos, but I acknowledge that these inferences may need to be modified in the 
future as more compositional data are obtained from other pueblos. 
Table 5.4.  All Production Areas and Pueblos Identified in the Petrographic Sample 
Temper Type N Production Area Pueblo 
Augite monzonite 101 Galisteo Basin San Marcos Pueblo 
Sandy monzonite 6 Galisteo Basin San Marcos Pueblo 
Hornblende latite 76 Galisteo Basin 
Pueblo Blanco or 
San Lázaro or 
Tonque 
Latite 2 Galisteo Basin - 
Latite/monzonite 1 Galisteo Basin - 
Sand/siltstone 108 Pecos Pecos Pueblo 
Vitric tuff 55 Rio Arriba San Gabriel del Yungue 
Pajarito andesite 17 Rio Arriba/Northern Pajarito 
San Ildefonso (?) or 
Santa Clara (?) 
Tuff rocks 17 Jemez Mountains - 
Olivine basalt 3 Zia/Santo Domingo Basin - 
Basalt, general 2 Zia/Santo Domingo Basin - 
Basalt, vesicular 2 Bernalillo and/or Cochiti area - 
Basalt, vitrophyric 1 Bernalillo and/or Cochiti area - 
Total 391 - - 
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Testing the Model 
The most common temper types in this sample are augite monzonite, hornblende 
latite, sand/siltstone, vitric tuff, and Pajarito andesite (Table 5.5). They are also the 
tempers associated with specific pueblos or production areas. Consequently, all 
subsequent analysis employed to evaluate the hypotheses of this dissertation are restricted 
to ceramics with these five tempers.  
Table 5.5.  Ceramics used to Test Model 
Temper 
Type 
Pueblo/ 
Region 
Glaze 
C 
Glaze 
D 
Glaze 
E 
Glaze 
F 
Glaze 
SP 
Plain 
SP 
Total 
Aug. monz. San Marcos 23 17 14 29 29 3 115 
  (20,3) (16,1) (12,2) (25,4) (25,4) (3,0) (101,14) 
Hbl. Latite Gal. Basin 8 12 9 48 28 2 107 
  (5,3) (9,3) (8,1) (33,15) (19,9) (2,0) (76,31) 
Sand/ 
Siltstone 
Pecos 22 24 56 13 59 1 175 
  (13,9) (13,11) (43,13) (7,6) (31,28) (1,0) (108,67) 
Vitric tuff Yungue 0 4 4 113 69 0 190 
  (0,0) (3,1) (3,1) (17,96) (32,37) (0,0) (55,135) 
Paj. and. N. Pajarito 0 4 3 33 16 0 56 
 Rio Arriba (0,0) (2,2) (3,0) (8,25) (4,12) (0,0) (17,39) 
All  53 61 86 236 201 6 643 
  (38,15) (43,18) (69,17) (90,146) (111,90) (6,0) (357,286) 
*(Thin section sample, macroscopic sample) 
Augite monzonite, hornblende latite, and sand/siltstone-tempered ceramics are 
most useful for subsequent analyses because samples are of sufficient size for all of the 
ceramic groups and comparisons can be made through time (i.e. Glazes C-D vs. Glazes 
E-F) as well as between forms (i.e. colono wares vs. traditional forms). Vitric tuff and 
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Pajarito andesite-tempered ceramics do not have sufficient pre-colonial samples, and are 
useful only for making comparisons between colonial period colono wares and traditional 
vessels.  
Regional comparisons of colono wares also are possible by grouping the five 
temper types into two broad geographic units, comparing the Northern Pajarito/Rio 
Arriba region (vitric tuff, Pajarito andesite) to the Eastern San Marcos/Pecos region 
(augite monzonite, hornblende latite, sand/siltstone) (Figure 5.3). San Gabriel del Yungue 
(LA 59) is located within the northern region. San Marcos (LA 98) and Pecos Pueblos 
(LA 625) are located within the eastern region. Palace of the Governors (LA 111322) is 
not included in either region because glaze-painted ceramics were not produced at this 
settlement. These regional units (i.e. northern vs. eastern) are culturally meaningful. They 
correspond closely with the Biscuit ware (northern region) and Glaze ware (eastern 
region) ceramic zones (Figure 4.4), which are thought to represent distinct interaction 
spheres (Creamer 1996; Eckert 2003; Futrell 1998; Graves and Eckert 1998; Mera 1935; 
Wilcox 1991).  
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Figure 5.3.  Multi-regional Analysis. 
 
Interaction and Exchange during the Early Colonial Period 
By examining temper frequencies in glaze-painted ceramics by pueblo/settlement, 
I was able to infer production and exchange patterns during the early colonial period 
(Figure 5.4). Overall, production of glaze-painted ceramics through time seemed to ebb 
and flow at each of the pueblos with no evidence for overall disruption in ceramic 
production after contact, with the possible exception of Pecos Pueblo. For instance, at 
both San Marcos and Yungue, glaze-painted ceramic production increased during the 
colonial period (i.e. Glaze E to Glaze F), whereas at Pecos there was a precipitous decline 
in production of Glaze F bowls. Additionally, glaze-painted ceramics continued to be 
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exchanged in high numbers throughout the Rio Grande, especially between nearby 
pueblos. Interestingly, glaze-painted ceramics were not as widely traded between the 
northern and eastern regions of north-central New Mexico, which suggests a clear social 
boundary and less interaction between these Pueblo groups, both before and after Spanish 
contact. Overall, there was little evidence to suggest disruption in Pueblo interaction and 
regional exchange during the early colonial period.  
 
 
Figure 5.4.  Frequency of Locally-Produced Glaze-Painted Ceramics by Pueblo. 
 
San Marcos Pueblo 
At San Marcos Pueblo, there is a decrease through time in production of bowls 
from Glaze C to Glaze E, with less than half of the Glaze E bowls (48 percent) being 
locally produced (Figure 5.5, Table 5.6) (see Schleher 2010 for slightly different 
frequencies due to larger sample size). Throughout all time periods, hornblende latite 
(Other Galisteo Basin pueblos) is the second most common temper type. During Glaze E, 
there is a substantial amount (17 percent) of glaze-painted bowls with sand/siltstone 
temper imported from Pecos Pueblo. For Glaze F bowls, there is a major increase in local 
production to 87 percent.  
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Figure 5.5.  San Marcos Production/Exchange through Time. 
 
Overall, the import wares at San Marcos are almost exclusively limited to within 
the Galisteo Basin, with the exception of Glaze E bowls from Pecos. Importantly, none of 
the imports come from the Pajarito Plateau or Rio Arriba (Chama) Districts. During the 
colonial period (from Glaze E to Glaze F), there is an increase in local production of 
glaze-painted bowls. Imported ceramics during the entire sequence are largely limited to 
within the Galisteo Basin, with the exception of Pecos imports during the early colonial 
period (Glaze E). 
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Table 5.6.  San Marcos Temper Analysis (Percentages) 
Temper 
Type 
Production 
District 
Glaze 
C 
Glaze 
D 
Glaze 
E 
Glaze 
F 
Glaze 
SP 
Plain 
SP 
Augite monz. Local 87.0 70.8 47.8 87.0 79.2 21.4 
Sandy monz. Local 0.0 0.0 0.0 0.0 0.0 42.9 
Hbl. Latite Other Gal Basin 8.7 25.0 30.4 13.0 20.8 14.3 
Latite Other Gal Basin 0.0 4.2 4.3 0.0 0.0 0.0 
Sand/ 
siltstone 
Pecos 0.0 0.0 17.4 0.0 0.0 7.1 
Basalt Zia/Santo Domingo 0.0 0.0 0.0 0.0 0.0 14.3 
Vitric basalt Bernalillo/Cochiti 4.3 0.0 0.0 0.0 0.0 0.0 
Total (N)  23 24 23 23 24 14 
 
Pecos Pueblo 
At Pecos Pueblo, there is a trend through time toward higher frequencies of 
locally made Glaze C to Glaze E bowls (Figure 5.6, Table 5.7). However, during the 
colonial period, there is a decrease in locally produced, Glaze F bowls, from 100 percent 
production of Glaze E bowls to only 40 percent of Glaze F bowls being locally-produced. 
Sixty percent of the Glaze F bowls are Galisteo Basin imports. Specifically, 53.3 percent 
are hornblende latite-tempered (Other Galisteo Basin pueblos) and 6.7 percent are augite 
monzonite-tempered ceramics (San Marcos). In contrast, all of the glaze-painted soup 
plates are locally produced. Overall, imported glaze-painted ceramics are mostly from the 
Galisteo Basin, with a small amount of tuff rock tempered Glaze D bowls coming from 
the Jemez Mountains (6.7 percent).  
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Figure 5.6.  Pecos Production/Exchange. 
 
Table 5.7.  Pecos Pueblo Temper Analysis (Percentages) 
Temper Type 
Production 
District 
Glaze 
C 
Glaze 
D 
Glaze 
E 
Glaze 
F 
Glaze 
SP 
Sand/siltstone Local 86.7 86.7 100.0 40.0 100.0 
Hbl. Latite Gal Basin 13.3 6.7 0.0 53.3 0.0 
Augite monz. Gal Basin 0.0 0.0 0.0 6.7 0.0 
Tuff rocks Pajarito/Jemez 0.0 6.7 0.0 0.0 0.0 
Total (N)  15 15 15 15 30 
 
The significant decrease in production of Glaze F bowls at Pecos possibly reflects 
disruption related to Spanish contact. 
San Gabriel del Yungue 
At San Gabriel del Yungue, there is very little local production of glaze-painted 
ceramics until the Glaze F period when 60 percent of bowls and 80 percent of the soup 
plates are tempered with vitric tuff (Figure 5.7, Table 5.8). Glaze D bowls are dominated 
by imports tempered with tuff rocks (56 percent) from the Jemez Mountains. Glaze-
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painted ceramic imports from the Jemez Mountains are not common after the Glaze D 
time period. Glaze E bowls are mostly sand/siltstone-tempered (42 percent), from Pecos 
Pueblo. Interestingly, there are very few imports (11 percent or less) from the Galisteo 
Basin throughout the entire glaze sequence (not including Glaze C with a sample of two, 
one of which is a Galisteo Basin import). Overall, imported glaze-painted ceramics at 
Yungue are mostly from the Pajarito Plateau/Jemez Mountains and Rio Arriba (Chama) 
regions, with the exception of a relatively high number of Glaze E bowls from Pecos (42 
percent). 
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Figure 5.7.  San Gabriel del Yungue Production/Exchange. 
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Table 5.8.  San Gabriel del Yungue Temper Analysis (Percentages) 
Temper Type Production District 
Glaze 
C 
Glaze 
D 
Glaze 
E 
Glaze 
F 
Glaze 
SP 
Vitric Tuff Rio Arriba (Local) 0.0 16.7 16.7 62.5 82.8 
Pajarito andesite Rio Arriba/Pajarito 0.0 11.1 25.0 29.2 10.3 
Tuff rocks Jemez/Pajarito 0.0 55.6 0.0 4.2 0.0 
Sand/siltstone Pecos 0.0 0.0 41.7 0.0 0.0 
Latite/Monzonite Galisteo Basin 50.0 11.1 8.3 4.2 6.9 
Vesicular basalt Bernalillo/Cochiti 50.0 5.6 0.0 0.0 0.0 
Olivine basalt Zia/Santo Domingo 0.0 0.0 8.3 0.0 0.0 
Total  2 18 12 24 29 
 
Palace of the Governor 
As previously mentioned, at Palace of the Governor there are no locally produced 
glaze-painted ceramics. Also, no pre-colonial bowls are present because the settlement 
was not occupied until 1610, when the Spanish capital was established at present-day 
Santa Fe. Glaze E bowls are dominated by sand/siltstone-tempered, Pecos imports (83 
percent); in contrast, Glaze F bowls and soup plates are dominated by hornblende latite-
tempered, Other Galisteo Basin Pueblo imports (60 percent and 50 percent, respectively) 
(Figure 5.8, Table 5.9). San Marcos, augite monzonite-tempered bowls and soup plates 
are also present (11 percent and 13 percent, respectively).  In addition, a relatively high 
number of the Glaze F bowls and soup plates are Pajarito Plateau and Rio Arriba imports, 
tempered with Pajarito andesite and vitric tuff, respectively. The glaze-painted soup 
plates are mostly Galisteo Basin imports (63 percent, when hornblende latite and augite 
monzonite are combined), but the second most dominant temper type is vitric tuff (27 
percent), indicating many of the soup plates came from Yungue.  
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Table 5.9.  Palace of the Governor Temper Analysis (Percentages) 
Temper Type Production District Glaze E Glaze F Glaze SP 
Sand/siltstone Pecos 83.3 2.9 3.3 
Hornblende latite Gal Basin 0.0 60.0 50.0 
Augite monzonite Gal Basin 4.2 11.4 13.3 
Latite/Monzonite Gal Basin 0.0 2.9 3.3 
Vitric tuff Rio Arriba 4.2 5.7 26.7 
Pajarito andesite Rio Arriba/Pajarito 0.0 2.9 3.3 
Tuff rocks Jemez/Pajarito 4.2 11.4 0.0 
Olivine basalt Zia/Santo Domingo 4.2 2.9 0.0 
Total  24 35 30 
 
Production and Exchange Discussion 
Overall, at San Marcos, Pecos, and Yungue, glaze-painted ceramics continued to 
be produced during the early colonial period, albeit with fluctuations in local production. 
Additionally, intra-regional exchange networks were maintained, which were established 
well before Spanish contact. Interestingly, there is little evidence for inter-regional 
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exchange of glaze-painted ceramics during the pre-colonial or early colonial periods. In 
fact, no glaze-painted ceramic imports from the Rio Arriba, Pajarito Plateau, or Jemez 
Mountains were present at San Marcos Pueblo, which is located in the Galisteo Basin. 
Conversely, about ten percent or less of the glaze-painted bowls at Yungue, located in the 
Rio Arriba, were produced in the Galisteo Basin. One exception to this reliance on intra-
regional exchange was that Glaze E bowls from Pecos were present in high frequencies at 
all of the pueblos/settlements. Also, Palace of the Governor imported substantial numbers 
of glaze-painted ceramics, especially soup plates, from the Galisteo Basin, Pecos, and Rio 
Arriba regions, which suggest their alliances were broad in geographical scale, 
crosscutting interaction spheres (social boundaries?) adhered to by other pueblos. Finally, 
glaze-painted soup plates were not as widely exchanged as glaze-painted traditional 
bowls. Some 80 to 100 percent of the glaze-painted soup plates were produced and 
consumed locally at each pueblo. This observation suggests that colono wares were not 
incorporated into Pueblo exchange networks in the same way as traditional vessels.  
In the next chapter, I present the results of my microscopic analyses, which also 
suggest ceramic continuity during the early colonial period, with technological 
differences only between colono wares and traditional vessels.  
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6.  Microscopic Variables 
In this chapter, I maintain the temper classification to examine constituent aspects 
of manufacture through time and between vessel forms within each production 
area/pueblo. Specifically, microscopic (i.e. petrographic) analyses were conducted to 
evaluate: 1) whether there was continuity or change in the technology of glaze-painted 
ceramics after contact, and 2) whether glaze-painted colono wares were technologically 
distinct from traditional wares. The microscopic variables analyzed relate to composition 
or ceramic constituents (i.e. ingredients) and preparation of clay and temper (Table 6.1).  
Table 6.1.  Microscopic Variables Analyzed 
Variable Measurement 
Ceramic constituents/composition Frequency (%) of clay to aplastics to voids 
Clay processing Frequency (%) of void spaces 
Temper processing Temper grain size 
Temper processing Temper angularity 
Temper processing Temper sphericity 
 
Ceramic constituents were examined by calculating frequencies of clay, 
aplastics/temper, and voids; amount of clay processing was inferred using the proxy of 
void frequencies (where high frequency of voids reflects little time spent 
processing/kneading clay to remove air bubbles); and amount of temper processing was 
inferred with aplastic/temper grain size, angularity, and sphericity (where large grain size, 
high angularity, and low sphericity all reflect little time spent processing/grinding 
temper). Unfortunately, these proxies are slightly oversimplified. For instance, most 
voids can be attributed to air bubbles in the clay body, but some are a result of organics 
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that burn out of the clay during the firing process, or can be a result of thermal shock and 
firing cracks. Additionally, the proxies for amount of temper processing (i.e. grain size, 
angularity, and sphericity) may be dependent on the type of temper to some extent. For 
instance, some temper types are harder than others to grind up (e.g. basalt is likely harder 
than volcanic ash), and other temper types may be “ready-made” through erosional 
processes in nature (e.g. stream sand is commonly uniform in size, with low angularity 
and high sphericity). Nonetheless, these proxies allow for meaningful inferences to be 
made regarding technological change/continuity through time and between vessel forms 
within each production area. 
First, composition and clay processing were compared between pre-colonial and 
colonial period ceramics, and between colono wares and traditional vessels. Next, temper 
processing was compared between colono wares and traditional vessels. An operating 
assumption behind these analyses is that changes in composition and raw material 
processing in glaze-painted traditional vessels after contact likely reflect disruption in the 
ceramic tradition and/or a breakdown in cultural transmission. Conversely, continuity in 
composition and/or raw material processing reflects cultural resilience and no overall 
disruption in Pueblo lifeways during the early colonial period. Finally, under certain 
conditions, differences in colono wares only (as compared to traditional vessels) reflect 
that Pueblo potters were responding to new Spanish demands. 
Overall, compositional analyses show considerable continuity between pre-
colonial and colonial period ceramics, with subtle differences in composition and clay 
preparation in colono wares only. However, these subtle technological differences 
between colono wares and traditional vessels vary somewhat across the production 
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areas/pueblos. In particular, San Marcos colono wares have more voids than traditional 
bowls, suggesting an expedient technology. However, at both Yungue and other Galisteo 
Basin Pueblos, colono wares have fewer voids than traditional bowls. Thus, San Marcos 
is the only pueblo that shows evidence for lesser craftsmanship in the manufacture of 
colono wares. Differences in colono wares among the production areas/pueblos suggest 
that changes in ceramic production were not uniform across the colony of New Mexico. 
This lack of uniformity suggests that potters had flexibility to experiment when 
manufacturing the new vessel forms. The results indicate that the early colonial period in 
New Mexico was characterized by Pueblo resilience and innovation, with little evidence 
for disruption by the Spaniards. Finally, when vessel forms were compared in terms of 
temper preparation, there were few differences. Uniformity in variables related to temper 
preparation may be due to temper being prepared in large batches for both traditional 
vessels and colono wares.  
Compositional Analysis Protocol 
Point counting was conducted on 393 thin sections to identify ceramic 
constituents (Table 6.2, see also Appendix B). However, because samples of Pajarito 
andesite (n=17), tuff rock (n=17), sandy monzonite (n=6), and a handful of other temper 
types (n=14) are small, only 339 thin sections were used in the compositional analysis, 
and these include augite monzonite (n=101), hornblende latite (n=75), sand/siltstone 
(n=108), and vitric tuff (n=55) (Table 6.2, in bold).  
109 
 
Table 6.2.  Compositional Analysis Sample 
Temper Type Count 
Augite monzonite 101 
Hornblende latite 75 
Sand/siltstone 108 
Vitric tuff 55 
Pajarito andesite 17 
Tuff rocks 17 
Other 14 
Sandy monzonite 6 
Total 393 
 
When point counting, I used a mechanical stage, which allowed for a systematic 
survey of linear transects across the thin section. I followed traditional point counting 
protocol in which measurements were taken along two sets of lines perpendicular to each 
other (Middleton and Freestone 1991). All measurements were taken at a magnification 
of 10x at uniform intervals over the entire thin section, which included the margin and 
core of the sherd. A measurement was taken every 0.4mm (or two clicks of the stage 
advancement wheel) across the entire length of the thin section, and several passes or 
transects of the thin section were completed, which were spaced 1.2mm apart (or six 
clicks of the stage advancement wheel). My point counting grid was established to allow 
for the measurement of a sufficiently large number of grains per thin section. The 
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coarseness of the grid helped to decrease the instances of repeated measurements of the 
same mineral grain.  
At each point location, I identified the following: clay, void, rock fragment type, 
individual mineral type, or silt. Individual minerals within a rock fragment were 
identified as the rock fragment type. Silt and clay were lumped together and defined as 
micromass, or any particle less than 15 microns. Rock fragments and individual minerals 
were grouped together and considered aplastics. This allowed me to quantify the 
composition of each sherd in relation to the frequencies of clay to aplastics to voids.  
For most thin sections, 200 or more points were obtained across the thin section. 
Some thin sections were very small and 200 points could not be counted. Other thin 
sections were large enough to facilitate more than 200 points. Of the 393 thin sections 
point counted, 64 (all from San Marcos) were analyzed by Kari Schleher. For these, only 
150 points were counted per sample. Overall, the mean number of points counted for 
each thin section was 197, and the median was 205. The minimum number of points 
counted for one of the thin sections was 107 and the maximum was 271 (Table 6.3). 
Table 6.3.  Number of Points Analyzed per Thin Section 
Sample Mean Minimum Maximum Median 
393 197 107 271 205 
  
General Observations across Temper Types 
The point counting analysis revealed significant variability in the ceramics, 
specifically among temper types, and in terms of temper/aplastics volume percent and 
size (Tables 6.4, 6.5, and 6.6). All the vitric tuff-tempered ceramics are moderately-
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tempered, and range from 25.4 to 32.0 volume percent.  Augite monzonite and 
hornblende latite-tempered ceramics are moderately to heavily-tempered, and range from 
34.4 to 38.9 volume percent and 32.4 and 40.0 volume percent, respectively. 
Sand/siltstone-tempered ceramics are heavily-tempered, and range from 38.9 to 44.1 
volume percent. In terms of temper size, augite monzonite and hornblende latite-
tempered ceramics are medium-grained, with median maximum grain diameters of 30 
and 27 microns, respectively. Sand/siltstone-tempered ceramics are fine-grained, with a 
median maximum grain diameter of 17 microns, and vitric tuff-tempered ceramics are 
very fine-grained, with a median maximum grain diameter of 6 microns (one hundred 
microns equals one millimeter) (Table 6.4). 
Overall, vitric tuff and sand/siltstone-tempered ceramics are the most distinct 
compositionally (Tables 6.4, 6.5, and 6.6). Vitric tuff-tempered ceramics have the lowest 
volume percent of aplastics and voids, and the highest volume percent of clay. 
Sand/siltstone-tempered ceramics have the highest frequencies of aplastics and void 
components, but the lowest volume percent of clay. In terms of voids, the vitric tuff-
tempered ceramics have the lowest volume percent and the sand/siltstone-tempered 
ceramics have the highest, with the augite monzonite and hornblende latite-tempered 
ceramics void volume percent between these two. Because there are only three samples 
each of the vitric tuff-tempered Glazes D and E, the sample size is inadequate for making 
any formal comparisons. Overall, in terms of voids, the vitric tuff and augite monzonite-
tempered ceramics have an average of less than 5 percent voids, except for augite 
monzonite-tempered soup plates (8 percent) (Table 6.4). In contrast, all of the hornblende 
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latite and sand/siltstone-tempered ceramics have an average of well over 5 percent voids, 
except for hornblende latite-tempered soup plates (4.4 percent).  
Table 6.4.  Void Frequency by Glaze Type 
Temper Type  Glaze C Glaze D Glaze E Glaze F Glaze SP 
Vitric tuff n/a 1.5% 4.9% 4.3% 2.3% 
Augite monzonite 4.7% 3.7% 3.2% 4.8% 8.0% 
Hornblende latite 6.2% 7.0% 8.9% 9.2% 4.4% 
Sand/siltstone 11.9% 8.6% 9.2% 9.5% 8.7% 
 
When comparing soup plates and colonial period bowls, all temper types except 
augite monzonite exhibit the same temporal trend in which the soup plates have fewer 
voids than the Glaze F bowls. Also, the soup plates have less temper than the Glaze F 
bowls.  
Table 6.5.  Aplastics/Temper Frequency by Glaze Type 
Temper Type  Glaze C Glaze D Glaze E Glaze F Glaze SP 
Vitric tuff n/a 29.8% 31.6% 32.0% 25.4% 
Augite monzonite 35.7% 38.9% 38.3% 34.4% 36.6% 
Hornblende latite 32.8% 40.0% 37.0% 34.1% 32.4% 
Sand/siltstone 40.3% 41.2% 38.9% 44.1% 41.0% 
 
Thus, for all of the temper types (except augite monzonite), the soup plates have 
lower frequencies of aplastics and voids than Glaze F bowls. The reverse pattern holds 
true for augite monzonite-tempered ceramics.  
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Table 6.6.  Compositional Analysis Summary 
Glaze Type N 
Clay % 
Mean 
Aplastics % 
Mean 
Void % 
Mean 
Augite monz. bowls 73 59.3 36.4 4.3 
Augite monz. soup plates 25 55.4 36.6 8.0 
Hbl. latite bowls 54 56.1 35.3 8.5 
Hbl. latite soup plates 21 63.2 32.4 4.4 
Sand/siltstone bowls 77 50.4 40.0 9.6 
Sand/siltstone soup plates 31 50.3 41.0 8.7 
Vitric tuff bowls 23 64.5 31.6 3.8 
Vitric tuff soup plates 32 72.2 25.4 2.3 
 
These same patterns generally remain when all traditional bowls (i.e. Glazes C, D, 
E, and F) are grouped together and compared to soup plates across the temper types. 
When comparing soup plates and bowls, augite monzonite is the only temper type with 
higher voids in Glaze F bowls. In terms of aplastics, both hornblende latite and vitric tuff-
tempered soup plates have lower frequencies of aplastics than bowls, and both augite 
monzonite and sand/siltstone-tempered soup plates have almost the exactly the same 
frequencies of aplastics. Conversely, both hornblende latite and vitric tuff-tempered soup 
plates have higher frequencies of clay than bowls. Sand/siltstone-tempered soup plates 
have the same clay volume as bowls, and augite monzonite-tempered soup plates have 
slightly less clay volume than bowls.  
In sum, despite variability among the temper types in terms of temper/aplastic 
volume percent and size, all analyses suggest that the technology of traditional bowls did 
not change after Spanish contact. On the other hand, the colono wares are technologically 
distinct. In the following sections, I present the results of in-depth analyses for each 
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production area/pueblo with temper types as a basis for each analysis. The compositions, 
and specifically void frequency, of glaze-painted ceramics through time and between 
vessel forms are compared. Ternary diagrams are used to display graphically the results 
of the compositional analyses, in terms of frequencies of clay to aplastics to voids.  
Augite Monzonite Temper (San Marcos Pueblo Ceramics) 
The compositions of pre-colonial and colonial period bowls produced at San 
Marcos appear to be similar (Figure 6.1). The ternary diagram shows continuity in 
frequencies of clay to aplastics to voids in pre-colonial and colonial period ceramics. This 
finding indicates that there was stability in the composition of San Marcos ceramics 
before and after Spanish contact. 
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Figure 6.1.  Composition of San Marcos Pre-colonial and Colonial Period Bowls. 
 
In terms of void frequencies, there is no difference between pre-colonial bowls 
(C-D) and colonial period bowls (E-F); both have 4.3 percent voids (Table 6.7). A one-
way ANOVA (analysis of variance) confirms that time is not an important factor with 
regard to void frequencies, with a p-value of 0.350. Thus, amount of clay preparation 
does not appear to change during the early colonial period. 
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Table 6.7.  Void Frequency of San Marcos Pre-colonial and Colonial Period Bowls 
Time Period N Mean SE Mean Std Dev CV Median Min Max 
C-D 34 4.3 0.5 2.9 67.6 3.4 0.0 12.8 
E-F 36 4.3 0.5 2.8 65.9 4.0 0.0 11.2 
 
In contrast, when comparing the composition of San Marcos soup plates and 
Glaze F bowls, there is evidence for different compositions. As mentioned above, some 
soup plates have more voids than the Glaze F bowls (Table 6.8, Figure 6.2).  
Table 6.8.  Void Frequency of San Marcos Ceramics by Glaze Type 
Type N Mean SE Mean Std Dev CV Median Min Max 
Glaze C 20 4.7 0.7 3.1 65.4 4.0 0.7 12.8 
Glaze D 14 3.7 0.7 2.7 71.4 3.2 0.0 10.2 
Glaze E 12 3.2 0.8 2.8 87.8 2.4 0.0 9.7 
Glaze F 24 4.8 0.6 2.7 56.6 4.1 0.7 11.2 
Glaze SP 25 8.0 0.9 4.7 58.2 7.4 1.1 17.2 
Plain SP 3 9.1 3.1 5.3 58.4 7.0 5.2 15.2 
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Figure 6.2.  Composition of San Marcos Soup Plates and Glaze F Bowls. 
 
The San Marcos soup plates have an average of 8 percent voids, whereas the 
Glaze F bowls have an average of 4.8 percent voids (Table 6.9).  
Table 6.9.  Void Frequency Comparing San Marcos Soup Plates and Glaze F Bowls 
Type N Mean SE Mean Std Dev CV Median Min Max 
Glaze F 24 4.8 0.6 2.7 56.6 4.1 0.7 11.2 
Glaze SP 25 8.0 0.9 4.7 58.2 7.4 1.1 17.2 
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A one-way ANOVA confirms that the San Marcos soup plates have significantly 
more voids than the Glaze F bowls, with a p-value of 0.005. This result suggests that San 
Marcos soup plates were produced using an expedient technology (i.e. less time spent 
processing clay). 
Hornblende Latite Temper (Other Galisteo Basin Pueblo Ceramics) 
The compositions of pre-colonial and colonial period bowls produced in Other 
Galisteo Basin pueblos appear to be similar. The ternary diagram shows significant 
overlap in frequencies of clay, aplastics, and voids in pre-colonial and colonial period 
ceramics, with slightly more voids in colonial period ceramics (Figure 6.3).  
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Figure 6.3.  Composition of Other Galisteo Basin Pre-colonial and Colonial Period Bowls. 
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The slight increase in void frequency is from 6.7 percent to 9.1 percent in 
traditional bowls after contact (Table 6.10).  
Table 6.10.  Void Frequency of Other Galisteo Basin Pre-colonial and Colonial 
Period Bowls 
 
Time Period N Mean SE Mean Std Dev CV Median Min Max 
C-D 14 6.7 0.9 3.2 48.1 6.5 2.2 14.6 
E-F 40 9.1 0.7 4.1 45.3 9.1 2.3 21.6 
 
However, a one-way ANOVA indicates that time is not a significant factor for 
void frequency in traditional bowls, with a p-value of 0.268. Thus, these results indicate 
that there are no significant changes in composition (i.e. frequencies of clay, aplastics, 
and voids) or clay preparation (i.e. void frequencies) of traditional vessels before and 
after contact. 
In contrast, when comparing Other Galisteo Basin soup plates to Glaze F bowls, 
there is a significant difference in composition, in which soup plates have much fewer 
voids than the Glaze F bowls (Figure 6.4).  
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Figure 6.4.  Composition of Other Galisteo Basin Soup Plates and Glaze F Bowls. 
 
In fact, the Other Galisteo Basin soup plates have an average of 4.4 percent voids, 
whereas the Glaze F bowls have an average of 9.2 percent (Table 6.11). A one-way 
ANOVA confirms that the Other Galisteo Basin soup plates have significantly less voids 
than Glaze F bowls, with a p-value of 0.000. Thus, Other Galisteo Basin soup plates are 
technologically distinct from Glaze F bowls, in terms of composition and clay 
preparation. 
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Table 6.11.  Void Frequency of Other Galisteo Basin Soup Plates and Glaze F Bowls 
Glaze Type N Mean SE Mean Std Dev CV Median Min Max 
F 33 9.2 0.6 3.7 39.8 9.7 3.3 15.0 
SP 21 4.4 0.6 2.8 64.8 4.1 0.8 11.9 
 
For both San Marcos and Other Galisteo Basin ceramics, there is a significant 
difference in overall composition, specifically in void frequency, between soup plates and 
Glaze F bowls. However, they show the exact opposite patterns. San Marcos soup plates 
have more voids than their Glaze F counterparts, whereas Other Galisteo Basin soup 
plates have fewer voids than Glaze F bowls. Thus, there is evidence that less time was 
spent processing clay when manufacturing soup plates at San Marcos than for bowls, but 
the opposite trend is evident for soup plates manufactured at Other Galisteo Basin 
pueblos, where there was higher craftsmanship in the soup plates than in the bowls. 
Sand/siltstone Temper (Pecos Pueblo Ceramics) 
The ratio of clay to aplastics to voids in Pecos ceramics before and after contact 
show there is major overlap in percentages (Figure 6.5), indicating that there are no 
significant compositional differences in Pecos bowls through time.  
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Figure 6.5.  Composition of Pecos Pre-colonial and Colonial Period Bowls. 
 
There are subtle changes in void frequency through time (Table 6.12). However, a 
one-way ANOVA confirms that time is not a significant factor with regard to void 
frequency in Pecos bowls, with a p-value of 0.271. Thus, there is no evidence for 
significant differences in bowls through time in overall composition or clay preparation 
(i.e. void frequencies). 
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Table 6.12.  Void Frequency of Pecos Ceramics by Glaze Type 
Glaze Type N Mean SE Mean Std Dev CV Median Min Max 
C 13 11.9 1.2 4.4 37.0 11.3 5.3 20.6 
D 13 8.6 1.3 4.6 53.5 8.7 2.1 18.5 
E 44 9.2 0.8 5.1 56.0 8.2 1.2 21.7 
F 7 9.5 1.0 2.6 27.3 9.4 6.5 14.4 
SP 31 8.7 0.6 3.5 40.1 8.4 1.5 15.1 
 
A formal comparison between Pecos soup plates and Glaze F bowls is not 
possible due to a small sample of Glaze F bowls (n=7). The limited sample of Glaze F 
bowls is due to the dramatic decrease in production in traditional bowls at this time.  
Vitric Tuff Temper (San Gabriel del Yungue Ceramics) 
Regarding San Gabriel del Yungue ceramics, the sample size for vitric tuff-
tempered ceramics prior to Glaze F is inadequate to test for compositional differences in 
ceramics produced during the pre-colonial and colonial periods. As stated previously, 
glaze-painted ceramic production did not really begin until the Glaze F time period. The 
sample sizes of thin sections for both Glaze D and Glaze E bowls are three each, as 
compared to seventeen Glaze F bowls and thirty-two glaze-painted soup plates.  
When comparing the soup plates to Glaze F bowls, it is clear that they have 
different compositions (Figure 6.6). The differences between Yungue soup plates and 
bowls relate to frequencies of both voids and aplastics. For Yungue ceramics, there are 
fewer voids and aplastics in soup plates than in Glaze F bowls. Specifically, the Yungue 
soup plates have an average of 2.3 percent voids and 25 percent aplastics, whereas the 
124 
 
Glaze F bowls have an average of 4.3 percent voids and 32 percent aplastics (Tables 6.13 
and 6.14).  
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Figure 6.6.  Composition of Yungue Ceramics Soup Plates and Glaze F Bowls. 
 
Table 6.13.  Void Frequency of Yungue Soup Plates and Glaze F Bowls 
Glaze Type N Mean SE Mean Std Dev CV Median Min Max 
F 16 4.3 0.7 2.9 66.3 4.2 0.4 10.5 
SP 32 2.3 0.2 1.3 55.3 2.4 0.5 6.5 
 
Thus, the Yungue soup plates have fewer voids and aplastics (i.e. more clay-rich) 
as compared to Glaze F bowls. A one-way ANOVA confirms that the Yungue soup 
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plates have fewer voids and aplastics than the Glaze F bowls, with p-values of 0.001 and 
0.003, respectively.  
Table 6.14.  Aplastics/Temper Frequency of Yungue Soup Plates and Glaze F Bowls 
Glaze Type N Mean SE Mean Std Dev CV Median Min Max 
F 17 32.0 1.5 6.1 19.0 32.2 22.8 47.7 
SP 32 25.4 1.3 7.2 28.3 25.8 6.9 43.9 
 
Compositional Analysis Discussion 
Overall, the results of the compositional analysis include: 
(1) Pre-colonial and colonial period bowls are the same technologically in terms 
of composition (i.e. ingredients) and clay preparation (i.e. void frequencies). 
This striking continuity is clearly demonstrated for San Marcos, Other 
Galisteo Basin, and Pecos ceramics, reflecting remarkable stability in the 
ceramic tradition after contact. The consistency of this pattern suggests that 
Spanish contact did not cause overall disruption in Pueblo ceramic production. 
Yungue ceramics were not included in this comparison because production of 
glaze-painted ceramics did not begin in earnest until the seventeenth century 
with Glaze F ceramics. Overall, there is strong evidence for stability in 
ceramic production after contact. 
(2) Colono wares and traditional bowls are significantly different in composition, 
and specifically in terms of time spent processing clay. Thus, colono wares are 
both morphologically and compositionally different. All of the temper types 
except for augite monzonite exhibit similar trends in that soup plates have 
fewer voids and aplastics than the Glaze F bowls. Only San Marcos ceramics 
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reverse these trends.  Thus, these results suggest that the Other Galisteo Basin 
and Yungue soup plates were manufactured with more care (i.e. more time 
spent processing clays) than Glaze F bowls (opposite for San Marcos soup 
plates).  
Analyses of variances (or ANOVAs) run to compare void frequencies 
of glaze-painted ceramics before and after contact as well as between vessel 
forms show no statistical differences in void frequencies between pre-colonial 
and colonial period traditional vessels, with p-values ranging from 0.268 to 
0.350, but significant statistical differences in void frequencies between 
colono wares and traditional bowls, with p-values all below 0.005 (Table 
6.15).  
Table 6.15.  Void Frequency ANOVA Results: Summary of p-values  
Pueblo/ 
Region  
Pre-colonial vs. Colonial 
Traditional Vessels 
Colono Wares vs. 
Traditional Vessels 
San Marcos 0.350 0.005 
Other Gal. Basin 0.268 0.000 
Pecos 0.271 --- 
Yungue --- 0.001 
 
(3) Because compositional differences vary among the pueblos/production areas, 
it seems likely that potters experimented with these new vessel forms. Potters 
likely tried out new recipes when making colono wares. They mixed different 
ratios of clay to aplastics; they spent more or less time processing clay, and 
these innovations were distinctive for each production area. In sum, the 
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compositional analysis indicates that soup plates were technologically distinct 
from Glaze F bowls.  
(4) Despite these compositional differences, colono wares are similar enough, as 
seen in the somewhat overlapping data clouds on the ternary diagrams, to be 
considered the same ware as other Rio Grande glaze-painted ceramics. Given 
the pattern, it is reasonable to suggest that Pueblo potters manufactured the 
new vessel forms, not Spaniards or other newcomers to New Mexico. This 
inference is further supported by the results of the temper preparation analysis 
described in the following section, which shows that there were few 
differences in several variables related to temper preparation among colono 
wares and traditional vessels.  
Temper Preparation Analyses 
Because the compositional analysis indicated that soup plates and Glaze F bowls 
were technologically distinct (albeit subtly), I tested whether temper preparation also 
differed. Temper preparation was not compared before and after contact because of the 
results from the compositional analyses, which show striking stability in composition and 
clay processing.  
Temper Preparation Analysis Protocol 
The temper preparation analysis was conducted as a separate, second phase of 
point counting, after the first phase, which consisted of the identification of ceramic 
constituents (i.e. composition). To evaluate differences in temper preparation between 
traditional bowls and colono wares, I measured several variables, including 
aplastic/temper size, angularity, and sphericity.  All temper preparation analyses were 
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conducted on a selected sample of eighty thin sections (Table 6.16), which accounted for 
about 25 percent of the thin sections used in the compositional analysis (i.e. 80 out of 
339). When feasible, ten Glaze F bowls and ten glaze-painted soup plates (randomly 
selected) for each temper type were analyzed. However, because of an insufficient 
sample size of sand/siltstone-tempered Glaze F bowls, three Glaze E bowls were included 
in the analysis. The sample also included ten thin sections of augite monzonite-tempered 
Glaze F sherds analyzed by Kari Schleher (Schleher 2010). 
Table 6.16.  Temper Preparation Analyses Sample 
Temper Type Glaze E Glaze F Glaze SP Total 
Sand/siltstone 3 7 10 20 
Augite monzonite 0 10 10 20 
Vitric tuff 0 10 10 20 
Hornblende latite 0 10 10 20 
Total 3 37 40 80 
 
For each thin section, fifty inclusions, including both rock fragments and 
individual minerals, were analyzed. To determine aplastic grain size, I measured the 
maximum and minimum diameter using a built-in micrometer, as well as noting the shape 
of each mineral inclusion. Additionally, both angularity (e.g. very angular, angular, sub-
angular, sub-rounded, rounded, and well rounded) and sphericity (e.g. high sphericity and 
low sphericity) were measured with the aid of Powers’ (1953) Scale of Roundness, a 
comparative visual chart (Figure 6.7). In Powers’ chart, the columns represent different 
levels of angularity, ranging from very angular to well rounded; the rows represent high 
sphericity (top) and low sphericity (bottom).  
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Figure 6.7.  Angularity/Sphericity Chart modified from 
Powers’ (1953) Scale of Roundness. 
 
Angularity describes the degree of abrasion of a particle as shown by the 
sharpness of its edges and corners (i.e. smoothness of the outline). Sphericity describes 
the surface area or shape in terms of the relation of the maximum and minimum diameter 
to each other. If the maximum and minimum diameters are equal or nearly equal, the 
mineral inclusion has high sphericity. In contrast, if the maximum and minimum 
diameters are very different, the mineral inclusion has low sphericity.  
Grain Size Analysis Results 
Aplastic/temper grain size was compared to determine whether or not temper 
preparation was different in soup plates as compared to bowls. For this comparison, it is 
assumed that there is a correlation between aplastic size and temper preparation time (i.e. 
more grinding leads to smaller aplastics/temper). The median grain size for soup plates 
and Glaze F bowls are very similar within each temper type (grain size area calculated 
using micron squared in which one thousand microns equals one millimeter) (Table 
6.17).  
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Table 6.17.  Grain Size (Area) Analysis Comparing Soup plates and Glaze F Bowls 
Temper Type 
Glaze 
Type 
N of 
Obs.* Mean 
SE 
Mean CV Median Min Max 
Augite monz. E-F 458 1354.12 100.40 158.68 526.39 4.50 20106.19 
Augite monz. SP 500 1735.57 142.59 183.72 537.39 3.14 17600.00 
Hbl. Latite E-F 491 1166.54 124.75 236.97 424.11 1.57 23561.94 
Hbl. Latite SP 455 1420.79 118.52 177.94 460.00 1.00 20106.19 
Sand/siltstone E-F 500 695.47 78.78 253.30 180.00 1.57 17671.46 
Sand/siltstone SP 486 505.78 59.43 259.05 154.75 1.00 12959.07 
Vitric tuff E-F 487 176.29 49.35 617.77 19.63 0.79 13273.23 
Vitric tuff SP 422 192.70 52.85 563.39 16.00 1.00 15393.80 
* Number of observations for all thin sections of same glaze type and temper. 
A Kruskal-Wallis analysis confirms that there are no significant differences in 
median grain size (area) by vessel form for any of the temper types suggesting no 
differences in temper processing. The Kruskal-Wallis p-values for the augite monzonite, 
hornblende latite, sand/siltstone, and vitric tuff-tempered ceramics are 0.576, 0.402, 
0.119, and 0.197, respectively. 
Angularity Analysis Results 
For the angularity analysis, only rock fragments in each thin section were 
analyzed to approximate the relative amount of temper preparation. Individual minerals 
were excluded because they likely fell out of the rock fragments during the grinding 
process, and have very distinct shapes (and angles) based on their unique crystalline 
structure. For this comparison, it is assumed that there is a correlation between angularity 
of rock fragments and temper preparation time (i.e. more grinding results in lower 
angularity or more rounding of rock fragments).  
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Overall, soup plates have fewer angular rock fragments than bowls, indicating 
more time spent processing (i.e. grinding) temper for all of the temper types (Figure 6.8, 
Table 6.18). However, this difference is very slight, especially for vitric tuff and 
hornblende latite-tempered ceramics.  
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Figure 6.8.  Angularity of Rock Fragments Comparing Soup Plates and 
Glaze F Bowls. 
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Table 6.18.  Angularity Analysis: Comparing Soup Plates and Colonial Period Bowls 
Temper Type 
Glaze 
Type N Rounded Subrounded Subangular Angular 
Augite monz. E-F 261 14.6% 33.3% 36.8% 15.3% 
Augite monz. SP 304 1.6% 67.8% 30.3% 0.3% 
Hbl. Latite E-F 320 0.3% 45.6% 54.1% 0.0% 
Hbl. Latite SP 296 1.4% 49.3% 49.3% 0.0% 
Sand/siltstone E-F 142 1.4% 38.7% 59.9% 0.0% 
Sand/siltstone SP 128 2.3% 50.8% 46.9% 0.0% 
Vitric tuff E-F 465 3.7% 19.6% 39.1% 37.6% 
Vitric tuff SP 399 1.3% 22.3% 40.1% 36.3% 
 
In fact, a chi-square analysis indicates that differences in angularity are only 
significant for augite monzonite, with a p-value of 0.000. Chi-square p-values for the 
hornblende latite, sand/siltstone, and vitric tuff are 0.206, 0.099, and 0.122, respectively. 
 Angularity data show that there is a general trend toward more processing (i.e. 
more grinding) of temper when manufacturing soup plates. However, these differences 
are only statistically significant for augite monzonite-tempered ceramics. This overall 
trend is illustrated more clearly when the angularity categories are lumped into broader 
categories: angular (subangular, angular) versus rounded (subrounded, rounded), in 
which soup plates for all temper types show less angularity in the aplastics (Figure 6.9). 
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Figure 6.9.  Broad Angularity Categories of Soup Plates and Colonial Period Bowls. 
 
Sphericity Analysis Results 
Finally, soup plates were compared with Glaze F bowls in terms of the sphericity 
of aplastics as another means of evaluating amount of temper preparation between vessel 
forms. Only rock fragments in each thin section were analyzed for the same reason stated 
above in the angularity analysis. In the same manner as the angularity analysis, it is 
assumed that there is a correlation between sphericity of rock fragments and temper 
preparation time (i.e. more grinding leads to more sphericity in rock fragments). 
However, further work is needed to directly test this assumption of a correlation between 
sphericity and temper processing. In some instances, higher sphericity may correspond to 
less grinding when potters use existing sand-sized grains. Thus, I use the proxy of 
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sphericity with the caveat that it may not be a reliable proxy for amount of temper 
processing. 
There is no overall trend in terms of temper/aplastics sphericity among soup 
plates and bowls across the temper types (Figure 6.10, Table 6.19). 
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Figure 6.10.  Sphericity of Rock Fragments of Soup Plates and 
Colonial Period Bowls. 
 
Augite monzonite-tempered ceramics show the most noticeable differences in 
sphericity between vessel forms. For augite monzonite-tempered ceramics, rock 
fragments are more spherical in soup plates than Glaze F bowls, which supports the 
results of the angularity analysis, reflecting more time spent preparing/grinding temper in 
soup plates as compared to bowls. However, the results of the sphericity analysis for the 
other temper types are puzzling. For hornblende latite, there is no difference in soup 
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plates and bowls in terms of sphericity. In contrast, the sand/siltstone and vitric tuff-
tempered soup plates have less sphericity of rock fragments than their bowl counterparts, 
an inverse pattern from the augite monzonite-tempered soup plates.  
Table 6.19.  Rock Fragment Sphericity Comparing Soup Plates and 
Colonial Period Bowls 
 
Temper Type Glaze Type N High Low 
Augite monz. E-F 261 35.3% 64.8% 
Augite monz. SP 304 47.0% 53.0% 
Hbl. Latite E-F 320 25.9% 74.1% 
Hbl. Latite SP 296 27.0% 73.0% 
Sand/siltstone E-F 142 34.5% 65.5% 
Sand/siltstone SP 128 25.8% 74.2% 
Vitric tuff E-F 465 39.4% 60.7% 
Vitric tuff SP 399 34.3% 65.7% 
 
A chi-square analysis indicates that differences in sphericity of rock fragments are 
only significant for augite monzonite-tempered ceramics, with a p-value of 0.005. 
Thus, the sphericity analysis does not support the general trend found in the 
angularity analysis toward more processing (i.e. grinding) of temper in soup plates than 
bowls. In fact, both the angularity and sphericity analyses indicate that there is more 
temper preparation in soup plates than the bowls in augite monzonite-tempered ceramics 
only. All of the other temper types show no statistically significant differences in terms of 
grain size, angularity, or sphericity of aplastics.  
Grain Size, Angularity, and Sphericity Discussion 
Taken together, the grain size, angularity, and sphericity variables indicate few 
differences with regard to amount of temper preparation between soup plates and bowls 
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(Table 6.20). In fact, there is no statistically significant difference in temper size (i.e. 
grain size area) among vessel forms for any of the temper types.  
Table 6.20.  Temper Preparation Comparing Soup Plates and Colonial Period Bowls 
Temper Type 
Grain Size 
Kruskall-Wallis 
p-value 
Angularity 
Pearson Chi-
square p-value 
Sphericity 
Pearson Chi-
square p-value 
Augite monzonite 0.576 0.000 0.005 
Hornblende latite 0.402 0.206 0.759 
Sand/siltstone 0.119 0.099 0.120 
Vitric tuff 0.197 0.122 0.128 
 
Temper size is likely the most reliable proxy for amount of temper preparation in 
terms of how well the temper is ground up. The fact that temper size is similar in soup 
plates and bowls for each temper type suggests that potters spent the same amount of 
time grinding the temper to a predetermined size regardless of vessel form. In fact, 
potters may have processed temper in advance, possibly using the same batch of ready-
made temper when manufacturing soup plates and traditional bowls.  
In contrast, there are subtle differences in angularity and sphericity of rock 
fragments among vessel forms. For instance, temper/aplastics in soup plates have slightly 
less angular aplastics than traditional bowls for all of the temper types, but the differences 
are only statistically significant for augite monzonite-tempered ceramics (at the 95% 
confidence interval) (Table 6.20). Thus, there is some evidence that more time was spent 
preparing temper (i.e. grinding) when manufacturing soup plates than when 
manufacturing bowls at San Marcos Pueblo. However, this result seems contrary to the 
point counting results for augite monzonite-tempered ceramics in which there are more 
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voids in soup plates than Glaze F bowls suggesting less time spent processing clay when 
manufacturing soup plates. In sum, there is little evidence that temper preparation 
differed when manufacturing soup plates and bowls within any of the production 
areas/pueblos (possible exception, San Marcos Pueblo).  
Summary of Microscopic Analyses 
Microscopic analyses of thin sections were conducted to determine whether 
changes in composition and/or raw material processing took place after contact as well as 
between colono wares and traditional vessels. The results of the compositional analysis 
show striking continuity before and after contact, suggesting cultural continuity and no 
overall disruption in Pueblo traditions. This continuity is demonstrated for all of the 
production areas/pueblos (i.e. all temper types), including San Marcos (augite 
monzonite), Pecos (sand/siltstone), Yungue (vitric tuff), and Other Galisteo Basin 
Pueblos (hornblende latite). The uniformity in composition, and specifically in clay 
preparation (i.e. void frequencies), between pre-colonial and colonial period bowls also 
suggests that there was no shift toward more expedient technology after contact in north-
central New Mexico. This recognition of stability in technology during the early colonial 
period differs from Capone’s (1995) results of a shift to expedient technology in the 
Salinas Region.  
On the other hand, I show conclusively that soup plates are different than 
traditional bowls in terms of composition and clay preparation across north-central New 
Mexico. Specifically, Pecos, Yungue, and the Other Galisteo Basin soup plates have 
fewer voids and temper, suggesting they took longer to produce than Glaze F bowls. In 
contrast, San Marcos soup plates have more voids and temper than Glaze F bowls, 
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suggesting the opposite trend. The fact that technological differences in soup plates vary 
among production areas/pueblos suggests that potters were not directly supervised by 
Spaniards when manufacturing colono wares, and in fact it seems that potters had the 
flexibility to be innovative when manufacturing the new vessel forms. 
However, in terms of temper preparation, colono wares did not differ, with the 
possible exception of San Marcos Pueblo. For all production areas/pueblos, aplastic grain 
size (i.e. temper size) was identical between vessel forms, with no statistical differences 
at the 95% confidence interval. Overall, soup plates have less angular temper than bowls, 
suggesting that more time was spent grinding temper added to soup plates, however these 
differences are not significant statistically except at San Marcos Pueblo. Finally, the 
sphericity results do not exhibit overall trends, and are only statistically significant for 
San Marcos ceramics. Taken together, all of the analyses suggest that temper preparation 
was similar among vessel forms with the possible exception of San Marcos ceramics. 
Thus, even though significant differences exist in composition, specifically in clay 
preparation, between colono wares and traditional vessels, amount of temper processing 
is highly uniform. The fact that all three variables related to temper preparation are 
similar across vessel forms supports the idea that temper preparation was highly 
conservative, and that Pueblo potters (not Spaniards or other newcomers) were 
manufacturing colono wares.  
In the next chapter, I examine macroscopic variables to address whether they 
exhibit the same trends elucidated by the microscopic variables of ceramic continuity 
after contact, differences between colono wares and traditional vessels, and regional 
and/or pueblo-specific variability in colono wares. 
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7.  Macroscopic Analyses 
The four main questions that guide this chapter include: 1) is there change in 
traditional bowls during the early colonial period in terms of vessel construction, 
morphology, surface treatments, decoration, and/or firing, 2) are soup plates 
technologically distinct from traditional bowls in terms of these same variables, 3) is 
there significant variability in soup plates produced in different settlements and/or 
regions, and 4) are soup plates produced by a subset of Pueblo potters? Overall, the 
results of the macroscopic analyses indicate ceramic continuity during the early colonial 
period, with significant differences in colono wares only. These results are consistent 
with the microscopic results presented in Chapter 6.  
For traditional bowls, there are subtle changes over time, but nothing to support 
the hypothesis of major disruption in Pueblo lifeways due to Spanish contact. Overall 
trends include a shift toward less polish on interior and exterior surfaces, and an increase 
in the frequency of green (and runny) glaze-paint corresponding with a decrease in dark 
black glaze-paint. The other differences between pre-colonial and colonial period bowls 
vary by temper type, and may or may not be related to Spanish contact. For instance, for 
hornblende latite and sand/siltstone-tempered bowls, tan slips become more frequent and 
red slips less frequent, but these trends are reversed for augite monzonite-tempered 
bowls. Also, in terms of vessel size, augite monzonite and sand/siltstone-tempered bowls 
become larger, but hornblende latite-tempered bowls become smaller. Finally, in terms of 
firing, hornblende latite and sand/siltstone-tempered ceramics become more completely 
oxidized, but there is little change in augite monzonite-tempered ceramics.  
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By contrast, soup plates are distinct from traditional bowls, in terms of vessel 
construction, surface treatments, decoration, and firing, and this distinction suggests that 
Pueblo potters were innovating while manufacturing colono wares. These differences 
also indicate that soup plates were likely produced primarily for Spanish consumption or 
used in different contexts. Specifically, 1) soup plates have thinner rims than traditional 
bowls, 2) red slips are more common on soup plates; tan slips are more common on 
traditional bowls, and 3) the core patterns of soup plates indicate less complete oxidation 
during the firing process than traditional bowls. Additionally, differences between vessel 
forms exhibit regional patterning. In the northern Rio Arriba/Pajarito region, vitric tuff 
and Pajarito andesite-tempered soup plates have thicker walls, less polish, and are less 
likely to have black glaze-paint than traditional bowls; in the eastern Pecos/Galisteo 
Basin region, augite monzonite, hornblende latite, and sand/siltstone-tempered ceramics 
reverse these trends. These regional differences suggest that potters were innovating 
within distinct communities of practice when manufacturing colono wares. Potters were 
making technological decisions within the context (and confines) of distinct, 
technological styles, not within the context of Spanish hegemony. 
Among soup plates, there is also considerable macroscopic variability, primarily 
related to regional (as well as pueblo-specific) differences, which suggests that Pueblo 
potters manufactured these new vessel forms without strict Spanish guidelines or 
oversight. It appears that Pueblo potters interpreted what soup plates should look like in 
innovative ways, and, in the process, were able to signal and maintain their own group 
identity. In particular, sand/siltstone-tempered soup plates from Pecos and vitric tuff-
tempered soup plates from Yungue are the most distinct in terms of their aesthetics (and 
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other macroscopic variables). Pecos soup plates tend to be light tan-slipped, with high 
polish, decorations on both interior and exterior surfaces, and crosses are a common 
motif; Yungue soup plates usually are red-slipped, with decorations on the interior rim 
only, and zigzag lines are a common motif. Overall, soup plates in the northern region are 
more commonly red-slipped, tend to have shorter, thinner rims with a smaller rim angle, 
have thicker vessel walls, and are less completely oxidized than their counterparts in the 
eastern region.  
Finally, the macroscopic analyses suggest that Pueblo potters rather than 
immigrants manufactured glaze-painted soup plates, but provide little insight regarding 
whether or not a subset of potters exclusively manufactured these new forms.  
In this chapter, I present the observations that support these general statements. 
Macroscopic Analysis Protocol 
Formal analyses were conducted on 683 ceramic sherds and included 
measurements of nine macroscopic variables (Table 7.1, see also Appendix C). Many of 
the formal analyses included nondestructive measurements that were determined with the 
help of the binocular microscope (7x). Methods of the formal analysis were developed 
jointly with Kari Schleher for the San Marcos Ceramics Project. We developed standard 
procedures and instructions for measuring each variable (described at the beginning of 
each section).  
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Table 7.1.  Macroscopic Variables in Relation to Ceramic Production Steps 
Ceramic 
Production Step 
Macroscopic Variables 
Visibility on a 
Finished Vessel 
Vessel construction 
Sherd Thickness 
Rim Thickness 
Low 
Morphology 
Rim Diameter 
Rim Angle Rim Length 
Moderate 
Surface Treatments Polish Intensity 
Low (exterior surface) to 
Moderate (interior surface) 
Decoration 
Glaze-paint color  
Slip Color 
High 
Firing  Firing Core No 
 
In the analyses, the macroscopic variables were grouped into several categories 
related to ceramic production: vessel construction, morphology, surface treatments, 
decoration, and firing (Table 7.1). Variables are discussed in the order of each production 
step in the pottery-making process. Vessel construction relates to the forming of the 
ceramic vessel. Sherd thickness and rim thickness fall into this category because both 
correspond to the coiling process (i.e. coil thickness). Morphology relates to the size and 
shape of the ceramic vessel, and includes rim diameter, rim angle, and rim length. 
Surface treatments relate to how the vessel surface is finished once the ceramic vessel is 
formed (i.e. smoothing, polishing, or striations). Thus, polish intensity falls into the 
surface treatments category. Decoration is considered separately from surface treatments. 
Decoration relates to glaze-paint and slip colors. Slip color could be considered a surface 
treatment along with polishing, but I considered it a decorative variable because it is 
highly visible on a finished vessel. Conversely, although polish intensity could be 
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considered a decorative feature, it is less visible than both slip and glaze-paint color. 
Finally, I examine firing core patterns, related to oxidation/reduction of the clay body, as 
a means to understand the firing process (i.e. firing atmosphere). 
For the most part, the macroscopic analyses measure variables that are not highly 
visible on a finished vessel, with the exception of glaze-paint color, slip color, and rim 
diameter (Table 7.1). The relative visibility of each variable is important when making 
inferences regarding change/continuity in early colonial period ceramics (Carr 1995a, 
1995b). For instance, changes in variables with higher visibility are more likely related to 
conscious choices made by potters to modify their pottery in response to new Pueblo and 
Spanish sensibilities, and thus, may reflect Pueblo innovation (Gosselain 1992). On the 
other hand, changes in variables with lower visibility would go unnoticed by Pueblo and 
Spanish consumers, and may reflect a breakdown in cultural transmission due to Pueblo 
disruption after Spanish contact, unless they affected performance (e.g. soup plates with 
so many voids that they leaked). 
Data Presentation 
The presentation of information is identical for each variable. For each production 
step, I present the variables examined and how they were measured. Next, I discuss 
general trends for each production step. I then present the detailed analyses, including all 
comparisons made for each variable. For each variable (unless otherwise noted), 
comparisons are made between pre-colonial and colonial period bowls, soup plates and 
Glaze F bowls, and soup plates across the temper types, with statistics for each 
comparison. Analysis of variance (ANOVA) is used for the metric data, and chi-square 
analysis is used for the categorical (nominal) data. Even though cell frequencies are 
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mostly too low for meaningful chi-square values, the overall directions are clear. 
Additionally, regional variability is evaluated by comparing northern Rio Arriba/Pajarito 
soup plates tempered with vitric tuff and Pajarito andesite to eastern Pecos/Galisteo Basin 
soup plates tempered with augite monzonite, hornblende latite, and sand/siltstone. These 
groups are meaningful anthropologically because they correspond well to the Glaze ware 
(eastern) and Biscuit ware (northern) ceramic zones (Figure 4.4). Additionally, in Chapter 
5 it is demonstrated that these regions have some coherence in terms of exchange of 
glaze-painted ceramics and increased interaction.  
Finally, to evaluate whether a subset of potters manufactured colono wares, the 
Levene’s test is used to compare the coefficients of variation of several macroscopic 
variables among vessel forms. The underlying assumption is that less variation in soup 
plates indicates that fewer potters manufactured the new vessel forms as compared to 
traditional vessels. 
Vessel Construction 
As mentioned above, sherd thickness (i.e. vessel wall thickness) and rim thickness 
are key variables describing vessel construction. Both variables relate to the size of the 
coils used to construct the vessel. For sherd thickness, up to three measurements were 
obtained along the bottom edge of the sherd opposite the rim (one on each edge and one 
in the center). For rim thickness, three measurements were taken along the rim at the 
thickest point (one on each edge and one in the middle). For each variable, the mean was 
calculated using all of the measurements.  
Sherd thickness is not highly visible on a finished vessel, and is considered a 
highly conservative variable because it relates to motor habits associated with coil 
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formation (Rice 1984; Rye 1981). In contrast, rim thickness is correlated to the shape of 
the rim on a vessel, and is known to have changed as rim shapes changed throughout the 
glaze ware sequence, indicating it is not a very conservative variable.  
Vessel Construction General Trends 
 There is considerable continuity in the thickness of vessel walls of traditional 
bowls (possible exception of sand/siltstone-tempered bowls) during the early colonial 
period. Soup plates and traditional bowls also are similar in terms of vessel wall 
thickness, suggesting that soup plates and traditional bowls were constructed within the 
same learning tradition. By contrast, soup plates have thinner rims than Glaze F bowls for 
all temper types. I suspect that manufacturing the soup plate rims differently was an 
intentional choice by potters, possibly a way of signaling different group membership. 
Among soup plates, sand/siltstone-tempered soup plates are the most distinct with the 
thinnest vessel walls and the thickest rims.  
Sherd Thickness (Vessel Wall Thickness) 
Traditional bowls exhibit mostly subtle changes in vessel wall thickness 
(measured by sherd thickness) during the early colonial period (Figure 7.1, Table 7.2). 
Augite monzonite-tempered bowls increase slightly in sherd thickness, from 5.18mm to 
5.26mm, while hornblende latite-tempered bowls decrease, from 5.42mm to 5.23mm. 
For, sand/siltstone-tempered bowls, there is a more significant increase in sherd 
thickness, from 4.70mm to 5.14mm. However, sand/siltstone-tempered traditional bowls 
have thinner walls to begin with (in pre-colonial times) than augite monzonite and 
hornblende latite-tempered traditional bowls. During the early colonial period, all 
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traditional bowls (regardless of temper type) are similar in terms of mean sherd thickness, 
ranging from 5.14 to 5.23mm.  
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Figure 7.1.  Sherd Thickness of Pre-colonial and Colonial Period Traditional Bowls. 
 
ANOVA confirms that sand/siltstone-tempered bowls are the only ones for which 
time is a significant factor for sherd thickness, with a p-value of 0.015. ANOVA p-values 
for augite monzonite and hornblende latite-tempered bowls are 0.683 and 0.517, 
respectively, suggesting that potters used similarly sized coils throughout this entire 
sweep of time (except at Pecos). Because vessel wall thickness, which relates primarily to 
the coil size used in vessel construction, has low visibility on a finished vessel, it is a 
product of direct learning (Carr 1995a, 1995b). Thus, these results suggest that there was 
no disruption in cultural transmission during the early colonial period.  
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Table 7.2.  Sherd Thickness (mm) of Bowls through Time 
Temper Type 
Time 
Period N 
Mean 
(mm) 
SE 
Mean 
Std 
Dev CV 
Median 
(mm) 
Min 
(mm) 
Max 
(mm) 
Augite monz. C-D 40 5.18 0.16 0.98 18.97 5.10 3.43 8.71 
Augite monz. E-F 43 5.26 0.13 0.87 16.54 5.27 3.41 8.00 
Hbl. Latite C-D 20 5.42 0.26 1.14 21.06 5.17 3.90 7.91 
Hbl. Latite E-F 56 5.23 0.15 1.14 21.79 5.15 3.25 8.74 
Sand/siltstone C-D 46 4.70 0.09 0.59 12.47 4.62 3.43 6.40 
Sand/siltstone E-F 66 5.14 0.14 1.10 21.40 5.02 3.40 8.94 
 
When comparing soup plates and Glaze F bowls, there is considerable uniformity 
in sherd thickness between vessel forms (Figure 7.2, Table 7.3). ANOVA confirms that 
there are no differences in mean sherd thickness between the vessel forms (i.e. soup 
plates vs. Glaze F bowls) for augite monzonite, hornblende latite, Pajarito andesite, and 
sand/siltstone-tempered ceramics. In contrast, vitric tuff-tempered soup plates are thicker 
than their Glaze F bowl counterparts, with a p-value of 0.038. Overall, sherd thickness is 
relatively uniform between vessel forms, suggesting potters used similarly sized coils to 
manufacture both soup plates and traditional bowls.  
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Figure 7.2.  Sherd Thickness Comparing Soup Plates and Traditional Bowls. 
 
Table 7.3.  Sherd Thickness Comparing Soup Plates to Bowls 
Temper Type 
Glaze 
Type N 
Mean 
(mm) 
SE 
Mean 
Std 
Dev CV 
Median 
(mm) 
Min 
(mm) 
Max 
(mm) 
Augite monz. F 29 5.27 0.18 0.99 18.74 5.40 3.41 8.00 
Augite monz. SP 26 5.12 0.18 0.92 17.99 4.85 3.50 6.90 
Hbl. Latite F 47 5.02 0.14 0.97 19.41 5.07 3.25 7.00 
Hbl. Latite SP 25 5.20 0.12 0.58 11.19 5.15 4.20 6.50 
Pajarito and. F 30 5.20 0.17 0.95 18.20 5.18 3.50 7.20 
Pajarito and. SP 16 5.23 0.22 0.90 17.13 5.13 4.00 6.90 
Sand/siltstone F 13 5.20 0.31 1.13 21.79 4.90 3.80 7.90 
Sand/siltstone SP 58 4.75 0.09 0.71 14.86 4.65 2.97 6.30 
Vitric tuff F 106 5.19 0.09 0.95 18.35 5.15 3.00 8.15 
Vitric tuff SP 67 5.49 0.10 0.84 15.34 5.50 3.40 7.80 
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Mean sherd thickness also is relatively uniform among soup plates, except for 
sand-tempered soup plates (Figure 7.3, Table 7.4). However, sand/siltstone-tempered 
soup plates have the thinnest walls and vitric tuff-tempered soup plates have the thickest 
walls, at 4.75mm and 5.49mm (means), respectively.  
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Figure 7.3.  Sherd Thickness of Soup Plates. 
 
A two-sample t-test confirms that vitric tuff-tempered soup plates have 
significantly thicker walls than sand/siltstone-tempered soup plates, with a p-value of 
0.000.  
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Table 7.4.  Sherd Thickness of Soup Plates 
Temper Type N 
Mean| 
(mm) 
SE 
Mean 
Std 
Dev CV 
Median 
(mm) 
Min 
(mm) 
Max 
(mm) 
Augite monz. 26 5.12 0.18 0.92 17.99 4.85 3.50 6.90 
Hbl. Latite 25 5.20 0.12 0.58 11.19 5.15 4.20 6.50 
Pajarito and. 16 5.23 0.22 0.90 17.13 5.13 4.00 6.90 
Sand/siltstone 58 4.75 0.09 0.71 14.86 4.65 2.97 6.30 
Vitric tuff 67 5.49 0.10 0.84 15.34 5.50 3.40 7.80 
 
Regionally, when comparing mean sherd thickness among temper types, soup 
plates sort by their respective region (thinnest to thickest): sand/siltstone, augite 
monzonite, hornblende latite, Pajarito andesite, and vitric tuff. Thus, the soup plates in 
the northern region have thicker walls than those from the eastern region.  
Rim Thickness Analyses 
 Comparisons of rim thickness were made between soup plates and Glaze F bowls, 
and among soup plates. Pre-colonial and colonial period traditional bowls were not 
compared because we already know there are temporal differences as rim shape is the 
primary variable used to describe the glaze sequence.  
For all temper types, soup plate rims are thinner than Glaze F bowl rims (Figure 
7.4, Table 7.5). In fact, all of the soup plates are at least 0.5mm thinner than the Glaze F 
bowls, excepting sand/siltstone-tempered soup plates. 
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Figure 7.4.  Rim Thickness Comparing Soup Plates and Traditional Bowls. 
 
Table 7.5.  Rim Thickness Comparing Soup Plates and Bowls 
Temper Type 
Glaze 
Type N 
Mean 
(mm) 
SE 
Mean 
Std 
Dev CV 
Median 
(mm) 
Min 
(mm) 
Max 
(mm) 
Augite monz. F 25 6.87 0.20 0.99 14.44 6.67 5.11 9.38 
Augite monz. SP 29 6.21 0.20 1.06 17.01 6.30 4.10 8.30 
Hbl. Latite F 48 6.55 0.14 1.00 15.19 6.43 5.15 9.25 
Hbl. Latite SP 28 6.06 0.23 1.21 20.03 5.83 4.20 9.90 
Pajarito and. F 33 6.56 0.18 1.05 15.97 6.65 4.25 9.10 
Pajarito and. SP 16 5.77 0.34 1.37 23.70 5.78 3.45 8.60 
Sand/siltstone F 13 7.38 0.29 1.03 13.98 7.40 5.85 9.05 
Sand/siltstone SP 58 7.26 0.20 1.50 20.65 7.15 4.60 11.15 
Vitric tuff F 113 6.66 0.09 0.93 13.96 6.55 4.45 8.95 
Vitric tuff SP 68 6.15 0.11 0.91 14.79 6.10 4.40 9.60 
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ANOVA indicates that for augite monzonite, Pajarito andesite, and vitric tuff-
tempered ceramics, vessel form is a significant factor for rim thickness at the 95% 
confidence level (p-values of 0.022, 0.029, 0.000, respectively, but not for hornblende 
latite or sand/siltstone-tempered ceramics (p-values of 0.059 and 0.789, respectively). 
However, hornblende latite-tempered ceramics just miss the 95% confidence level cut off 
with a p-value of 0.059. The sand/siltstone-tempered soup plates and bowls fit the overall 
pattern of thinner-rimmed soup plates, but sand/siltstone-tempered soup plates and bowls 
have very similar rim thicknesses, with significantly thicker rims than all of the other 
temper types. Thus, in general, rims are thinner on soup plates than traditional bowls.  
Across the soup plate sample, all have relatively similar rim thicknesses except 
for sand/siltstone-tempered soup plates (Figure 7.5, Table 7.6). Specifically, 
sand/siltstone-tempered soup plates have significantly thicker rims than the other soup 
plates with a mean thickness of 7.26mm, compared to the other soup plates which have 
means ranging from 5.77 to 6.21mm. 
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Figure 7.5.  Rim Thickness of Soup Plates. 
 
Table 7.6.  Rim Thickness of Soup Plates 
Temper Type N 
Mean 
(mm) SE Mean Std Dev CV 
Min 
(mm) 
Max 
(mm) 
Augite monz. 29 6.21 0.20 1.06 17.01 4.10 8.30 
Hbl. Latite 28 6.06 0.23 1.21 20.03 4.20 9.90 
Pajarito and. 16 5.77 0.34 1.37 23.70 3.45 8.60 
Sand/siltstone 58 7.26 0.20 1.50 20.65 4.60 11.15 
Vitric tuff 68 6.15 0.11 0.91 14.79 4.40 9.60 
 
Because of the sand/siltstone-tempered soup plates, ANOVA indicates temper 
type to be an important factor in comparing rim thicknesses, with a p-value of 0.000. In 
fact, there is no overlap in the confidence interval of sand/siltstone-tempered soup plates 
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versus all other soup plates. Thus, the most notable difference in vessel construction is 
that sand/siltstone-tempered soup plates have thick rims. Pajarito andesite-tempered soup 
plates have the thinnest rims. Augite monzonite, hornblende latite, and vitric tuff-
tempered soup plates are the most similar, with mean rim thicknesses ranging from 
6.06mm to 6.21mm. Finally, there are no regional differences in rim thicknesses of soup 
plates.  
Morphology 
Rim diameter, rim angle, and rim length are the variables investigated to suggest 
vessel morphology. Rim diameter relates to the size of vessel. Rim angle and rim length 
relate to the shape of the rim. All these morphological variables have moderate to high 
visibility on a finished vessel (Carr 1995a, 1995b). Because of their high visibility, rims 
may have symbolic meaning in terms of signaling group membership/identity. Thus, 
differences in rim angle and length may indicate innovation or relate to group signaling. 
Rim diameter was measured by fitting the curve of each rim sherd to a standard 
diameter-measurement template, in which the template was placed at the fattest part of 
the rim. For soup plates, the template was placed within the bowl to obtain the 
dimensions of the bowl itself, excluding the soup plate rim. For rim angle, the outline of 
the interior rim was drawn on a piece of paper after the sherd was cut for thin sections. 
The angle of the carination was measured using a protractor. This measurement was only 
taken on the soup plates. For rim length, the distance was measured from the tip of the 
rim to the maximum rim thickness. Three measurements were taken (one on each edge 
and one in the middle). The mean rim length was calculated using all of the 
measurements. 
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Morphological General Trends 
There is no overall trend regarding change in vessel size of traditional bowls 
during the early colonial period. Augite monzonite and sand/siltstone-tempered bowls 
become larger at the same time that hornblende latite-tempered bowls become smaller. 
Because the trends are not consistent among production areas/pueblos, it is unclear 
whether or not these changes are related to Spanish contact.  
Among soup plates, there is considerable uniformity in vessel size (possible 
exception, augite monzonite-tempered soup plates), which may indicate that this variable 
was dictated by the Spaniards or that a certain size was important for the particular 
function of the vessel. In contrast, there is significant variability in rim shape, based 
primarily on regional differences, which suggests soup plate rims signaled group identity. 
Specifically, soup plates in the eastern region have longer rims with larger angles than 
their counterparts in the northern region.  
Rim Diameter 
For rim diameter, comparisons are made between pre-colonial and colonial period 
traditional bowls as well as among soup plates. Rim diameters are not compared between 
soup plates and Glaze F bowls because it is already known that soup plates are much 
smaller, individual-serving vessels with smaller rim diameters as compared to traditional 
bowls, which are larger, communal serving vessels. 
There is no consistent trend toward an increase (or decrease) in vessel size in 
traditional bowls during the early colonial period (Figure 7.6). 
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Figure 7.6.  Rim Diameters of Pre-colonial and Colonial Period Traditional Bowls. 
 
Augite monzonite and sand/siltstone-tempered bowls become larger during the 
early colonial period (i.e. p-values of 0.011 and 0.028, respectively). In contrast, 
hornblende latite-tempered bowls become smaller. However, ANOVA indicates that the 
decrease in hornblende latite-tempered bowls is not significant, with a p-value of 0.434.   
Overall, the mean rim diameters of pre-colonial bowls are similar, ranging from 
29.43cm to 30.75cm (Table 7.7). However, there is greater variability in vessel size for 
colonial period bowls. During the early colonial period, augite monzonite, sand/siltstone, 
and hornblende latite-tempered bowls have mean rim diameters of 36.33cm, 32.57cm, 
and 29.00cm, respectively. Thus, during the early colonial period, augite monzonite-
tempered bowls increase in size and are much larger than hornblende latite-tempered 
bowls, with sand/siltstone-tempered bowls in between these two. 
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Table 7.7.  Rim Diameters of Bowls through Time 
Temper Type 
Glaze 
Type N 
Mean 
(cm) 
SE 
Mean 
Std 
Dev CV 
Median 
(cm) 
Min 
(cm) 
Max 
(cm) 
Augite monz. C-D 40 30.58 1.47 9.30 30.40 29.50 18 57 
Augite monz. E-F 39 36.33 1.65 10.27 28.28 34.00 14 57 
Hbl. Latite C-D 20 30.75 1.96 8.78 28.54 30.50 17 55 
Hbl. Latite E-F 46 29.00 1.19 8.08 27.86 28.00 10 56 
Sand/siltstone C-D 46 29.43 1.06 7.16 24.34 29.50 19 49 
Sand/siltstone E-F 63 32.57 0.92 7.29 22.38 31.00 18 57 
 
For soup plates, there is considerable uniformity in vessel size (possible 
exception, augite monzonite-tempered soup plates), with mean rim diameters ranging 
from 19.98 to 22.07cm (Figure 7.7, Table 7.8). Augite monzonite-tempered soup plates 
have a smaller mean rim diameter of 14cm, but the sample size is likely insufficient (n=4) 
because most of the sherds from San Marcos Pueblo are too small to measure this 
variable.  
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Figure 7.7.  Rim Diameters of Soup Plates. 
 
ANOVA confirms that temper type is not an important factor among the rim 
diameters of soup plates, with a p-value of 0.185. This relative uniformity in soup plate 
size may indicate that vessel size was dictated by the Spaniards and/or that a certain size 
was important for the particular function of the vessel. However, the co-efficients of 
variation for soup plate diameters are not especially striking (Table 7.8), and do not 
support the idea that soup plates were highly standardized in terms of vessel size. In 
particular, because of the relatively high co-efficients of variation, there is no evidence to 
suggest that soup plates were manufactured using standard molds.  
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Table 7.8.  Rim Diameters of Soup Plates 
Temper Type N 
Mean 
(cm) 
SE 
Mean 
Std 
Dev CV Median Min Max 
Augite monz. 4 14.00 0.71 1.41 10.10 14.50 12 15 
Hbl. Latite 7 20.57 1.32 3.51 17.04 21.00 16 26 
Pajarito and. 13 20.46 1.67 6.01 29.37 20.00 9 33 
Sand/siltstone 56 19.98 0.51 3.81 19.05 20.00 11 28 
Vitric tuff 54 22.07 0.81 5.99 27.12 21.00 12 41 
 
 There are no overall regional trends in mean rim diameters of soup plates. As 
noted above, all of the soup plates are relatively uniform in size. 
Rim Angle 
 Rim angles are only compared among soup plates. Rim angle is not compared on 
traditional bowls through time because it is already known that there are temporal 
differences, as rim shape is the primary variable used to describe the glaze sequence. 
Additionally, rim angle is not compared between soup plates and Glaze F bowls because 
the rim shapes obviously are different, especially near the rims where soup plates are 
highly everted and Glaze F bowls are largely upright. 
 For the soup plate sample, augite monzonite and sand/siltstone-tempered soup 
plates have the largest rim angles, and Pajarito andesite, hornblende latite, and vitric tuff-
tempered soup plates have the smallest rim angles (Figure 7.8, Table 7.9). Unfortunately, 
because the rim must be large enough to include a portion below the carination point, 
samples are small for all but the sand/siltstone and vitric tuff-tempered soup plates. 
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Figure 7.8.  Rim Angle of Soup Plates. 
 
 The sand/siltstone and vitric tuff-tempered soup plates have significantly different 
rim angles (Figure 7.9).  
Table 7.9.  Rim Angle of Soup Plates 
Temper Type N 
Mean 
(degrees) 
SE 
Mean 
Std 
Dev CV 
Median 
(
o
) 
Min 
(
o
) 
Max 
(
o
) 
Augite monz. 11 222.82 4.52 14.99 6.73 221 205 260 
Hbl. Latite 11 212.82 3.14 10.42 4.90 215 191 227 
Pajarito and. 4 207.50 4.84 9.68 4.66 205.5 198 221 
Sand/siltstone 31 223.71 2.65 14.75 6.59 219 201 260 
Vitric tuff 30 213.13 1.95 10.69 5.02 215 193 233 
 
 Sand/siltstone-tempered soup plates have a mean rim angle of 224
o
 and vitric tuff-
tempered soup plates have a mean rim angle of 213
o
, which is a difference of 11
o
. A two-
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sample t-test confirms that sand/siltstone-tempered soup plates have larger rim angles 
than vitric tuff-tempered soup plates, with a p-value of 0.002.  
 
 
Figure 7.9.  Profile Drawings of Soup Plate Rims.  
From left to right: The first three profiles are of Yungue (vitric tuff-tempered) soup 
plates; the fourth profile (far-right) is of a Pecos (sand/siltstone-tempered) soup plate. 
Illustration by Scott Dyer. 
 
When soup plates are grouped by region to compensate for small sample sizes, 
there appears to be significant regional differences in rim angle between the east and 
north (Figure 7.10).  
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Figure 7.10.  Rim Angles of Soup Plates by Region. 
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ANOVA confirms that rim angles on soup plates produced in the eastern region 
are significantly larger than those of the northern region, with a p-value of 0.003. 
Rim Length 
 Like rim angle, rim length is measured only among soup plates by temper type. 
When comparing the soup plates, vitric tuff and Pajarito andesite-tempered soup plates 
have shorter rim lengths (i.e. 15.27mm and 14.34mm, respectively) than the augite 
monzonite, hornblende latite, and sand/siltstone-tempered soup plates (with mean rim 
lengths of 22.04mm, 21.49mm, and 20.69mm, respectively) (Figure 7.11, Table 7.10). 
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Figure 7.11.  Rim Length of Soup Plates. 
 
Thus, variability in rim length among soup plates exhibits regional patterning. 
Specifically, the soup plates in the northern region tend to have shorter rims than the soup 
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plates in the eastern region, even though it appears there is little consistency in rim length 
(as seen in the high co-efficients of variation in Table 7.10). 
Table 7.10.  Rim Length of Soup Plates 
Temper Type N 
Mean 
(mm) 
SE 
Mean 
Std 
Dev CV 
Median 
(mm) 
Min 
(mm) 
Max 
(mm) 
Augite monz. 22 22.04 1.16 5.44 24.69 22.65 11 31.8 
Hbl. latite 20 21.49 1.56 6.96 32.39 18.62 12.4 35.6 
Pajarito and. 16 14.34 1.31 5.26 36.64 12.75 6.6 28.4 
Sand/siltstone 57 20.69 0.68 5.16 24.97 20.3 11.35 35.2 
Vitric tuff 66 15.27 0.64 5.22 34.16 14.65 7.1 28 
 
 Figure 7.12 illustrates the overall regional differences of soup plates in terms of 
rim lengths. 
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Figure 7.12.  Rim Length of Soup Plates by Region. 
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ANOVA confirms that the rim lengths of soup plates produced in the northern 
region are significantly shorter than those from the eastern region, with a p-value of 
0.000. 
Surface Treatments 
Surface treatments are analyzed by measuring polish intensity on interior and 
exterior surfaces. Degree of polish (luster) categories include: 1) High - very well 
polished with shiny/glossy finish, 2) Medium - polished slightly, but more matte with 
some areas shiny, and 3) Low - matte, not shiny, very little polishing, only smoothing of 
coils. The analysis is conducted using a standard light with UV filter. 
In this study I use polish intensity as a proxy for the time and energy exerted to 
polish all surfaces of a ceramic vessel. However, there are other factors that must be 
considered because polish (i.e. luster) can be lost through firing, use, or post-depositional 
processes. For instance, high temperatures during firing can result in sufficient vessel 
shrinkage to reduce luster (Shepard 1956). Alternatively, if a ceramic vessel is fired at a 
low temperature (or for a short interval), there will be less shrinkage and luster will be 
maintained. However, low-fired pottery tends to be softer and luster may be lost as a 
result of use wear or post-depositional processes. Finally, there is considerable variability 
between different clay types in terms of shrinkage rates during firing (e.g. polish may be 
harder to maintain on bentonitic clays, which have high shrinkage rates even at low 
temperatures). 
To address whether firing, use wear, and/or post-depositional processes were 
significant factors that affected luster, I measured paste hardness on a small sample of 
sherds (n=164) from several different pueblos/production areas (Table 7.11). Hardness 
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values were assigned using Moh’s hardness picks. The hardness analysis was conducted 
to address whether lower luster was associated with lower hardness values. If vessels 
with low luster had low hardness values, I would infer that vessels fired at low 
temperatures (i.e. softer) could have lost their luster as a result of use wear or post-
depositional processes. Conversely, if lower luster was associated with higher hardness 
values, I would infer that vessels fired at high temperatures may have lost some of their 
luster during firing. Overall, there was no significant association between luster and 
hardness values (Table 7.11), which suggested that firing, use wear, and post-depositional 
processes were not significant factors.  
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Table 7.11.  Moh’s Hardness Values and Luster 
Temper Type N Moh’s Hardness Low Luster Medium Luster High Luster 
Augite monzonite 54 5 
4 
3 
2 
0.0% 
43.8% 
56.2% 
0.0% 
4.5% 
59.1% 
36.4% 
0.0% 
0.0% 
68.8% 
31.3% 
0.0% 
Hornblende latite 33 5 
4 
3 
2 
0.0% 
45.5% 
54.5% 
0.0% 
0.0% 
35.7% 
64.3% 
0.0% 
0.0% 
50.0% 
50.0% 
0.0% 
Pajarito andesite 24 5 
4 
3 
2 
0.0% 
0.0% 
100% 
0.0% 
0.0% 
0.0% 
81.8% 
18.2% 
0.0% 
0.0% 
81.8% 
18.2% 
Sand/Siltstone 26 5 
4 
3 
2 
0.0% 
0.0% 
100% 
0.0% 
0.0% 
9.1% 
90.9% 
0.0% 
0.0% 
16.7% 
83.3% 
0.0% 
Vitric tuff 27 5 
4 
3 
2 
0.0% 
0.0% 
100% 
0.0% 
0.0% 
0.0% 
100% 
0.0% 
0.0% 
0.0% 
100% 
0.0% 
 
These results support the assumption that luster is associated primarily with the 
time and energy potters spent polishing vessels (i.e. labor intensity). Thus, in this study 
luster (or polish intensity) is used to infer labor intensity. 
Surface Treatment General Trends 
There is a decrease in polish intensity on interior and exterior surfaces of 
traditional bowls during the early colonial period. However, the shift to less polish on 
traditional bowls is only statistically significant on exterior surfaces, and does not provide 
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strong evidence for a shift toward a decrease in labor intensity (i.e. expedient 
technology).  
By contrast, soup plates are distinct from traditional vessels in terms of polish 
intensity, and these differences exhibit regional patterning. Specifically, in the eastern 
region, soup plates tend to have higher polish intensity than traditional bowls, whereas in 
the northern region, soup plates have lower polish intensity than traditional bowls. This 
finding suggests that in the eastern region, more time and energy was spent when 
manufacturing soup plates than traditional bowls, and the opposite was true in the 
northern region. In addition, ceramics in the eastern region, regardless of vessel form, 
generally have higher polish intensity than ceramics in the northern region. This trend 
may be a result of eastern potters spending more time polishing vessels as a means of 
compensating for the higher porosity in their ceramics.  
For the soup plate sample, sand/siltstone-tempered soup plates have the highest 
polish intensity. In fact, 60 percent of sand/siltstone-tempered soup plates have high 
polish on both interior and exterior surfaces.  
Polish Intensity 
All trends related to polish intensity are consistent regardless of vessel surface 
(i.e. interior vs. exterior). However, because of differences in the statistical results, I 
present the analyses of polish intensity for both interior and exterior surfaces. 
For all temper types, colonial period traditional bowls tend to have lower polish 
intensity than pre-colonial bowls (Figures 7.13 and 7.14, Tables 7.12 and 7.13). 
However, these differences are subtle, especially on interior surfaces; most traditional 
bowls have medium polish intensity regardless of time.  
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Figure 7.13.  Interior Polish on Pre-colonial and Colonial Period Traditional Bowls. 
 
Table 7.12.  Interior Polish on Pre-colonial and Colonial Period Traditional Bowls 
Temper Type Glaze Type N High Medium Low 
Augite monz. C-D 39 28.2% 66.7% 5.1% 
Augite monz. E-F 42 26.2% 50.0% 23.8% 
Hbl. Latite C-D 20 30.0% 55.0% 15.0% 
Hbl. Latite E-F 57 14.0% 45.6% 40.4% 
Sand/siltstone C-D 46 23.9% 65.2% 10.9% 
Sand/siltstone E-F 68 38.2% 42.7% 19.1% 
 
Chi-square analysis confirms no association between interior polish intensity and 
time for all temper types. Specifically, p-values for augite monzonite, hornblende latite, 
and sand/siltstone-tempered bowls are 0.056, 0.076, and 0.060, respectively, which 
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indicates there is no significant change in polish intensity on interior surfaces after 
contact. 
By contrast, on exterior surfaces, chi-square analysis shows an association of 
polish intensity and time for augite monzonite and hornblende latite-tempered bowls, but 
not for sand/siltstone-tempered bowls. This finding suggests a shift toward less time 
spent polishing exterior surfaces of augite monzonite and hornblende latite-tempered 
bowls during the early colonial period. For augite monzonite and hornblende latite-
tempered bowls, there are fewer than expected bowls with low polish during pre-colonial 
times and more during the early colonial period. Also, for hornblende latite-tempered 
bowls, more than expected have high polish during pre-colonial times. Exterior surfaces 
of sand/siltstone-tempered bowls also exhibit a slight decrease in polish intensity, but the 
change is not statistically significant.  
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Figure 7.14.  Exterior Polish on Pre-colonial and Colonial Period Traditional Bowls. 
 
Table 7.13.  Exterior Polish on Pre-colonial and Colonial Period Traditional Bowls 
Temper Type Time Period N High Medium Low 
Augite monz. C-D 38 21.1% 73.7% 5.3% 
Augite monz. E-F 41 31.7% 48.8% 19.5% 
Hbl. Latite C-D 20 30.0% 65.0% 5.0% 
Hbl. Latite E-F 56 10.7% 58.9% 30.4% 
Sand/siltstone C-D 46 43.5% 52.2% 4.4% 
Sand/siltstone E-F 68 45.6% 44.1% 10.3% 
 
There are also differences in interior polish intensity between soup plates and 
Glaze F bowls, which exhibit regional patterning (Figure 7.15, Table 7.14).  
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Figure 7.15.  Interior Polish Comparing Soup Plates and Traditional Bowls. 
 
Table 7.14.  Interior Polish Comparing Soup Plates to Bowls 
Temper Type Glaze Type N High Medium Low 
Augite monz. F 28 25.0% 50.0% 25.0% 
Augite monz. SP 27 48.2% 40.7% 11.1% 
Hbl. Latite F 48 10.4% 45.8% 43.8% 
Hbl. Latite SP 28 21.4% 57.1% 21.4% 
Pajarito and. F 33 51.5% 42.4% 6.1% 
Pajarito and. SP 16 43.8% 50.0% 6.3% 
Sand/siltstone  F 13 0.0% 38.5% 61.5% 
Sand/siltstone  SP 58 65.5% 32.8% 1.7% 
Vitric Tuff F 113 65.5% 30.1% 4.4% 
Vitric Tuff SP 69 58.0% 33.3% 8.7% 
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However, chi-square analysis fails to demonstrate an association between interior 
polish and vessel form (i.e. soup plates vs. Glaze F bowls) for any of the temper types 
except sand/siltstone-tempered ceramics. Sand/siltstone-tempered ceramics have a chi-
square p-value of 0.000, whereas augite monzonite, hornblende latite, and vitric tuff-
tempered ceramics have p-values of 0.154, 0.110, and 0.402, respectively. Chi-square for 
Pajarito andesite-tempered ceramics is inconclusive. For sand/siltstone-tempered 
ceramics, there are lower than expected Glaze F bowls with high polish and the reverse 
for soup plates, as well as higher amounts than expected Glaze F bowls with low polish 
and the reverse for soup plates.  
By grouping the soup plates by region, soup plates are more highly polished than 
Glaze F bowls in the eastern region, whereas in the northern region, soup plates are less 
highly polished than Glaze F bowls (Figures 7.16 and 7.17). These differences in interior 
polish intensity among vessel forms are more pronounced in the eastern ceramics. 
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Figure 7.16.  Interior Polish Comparing Soup Plates to Bowls by Region. 
 
Chi-square analysis confirms the graphic results. Soup plates and Glaze F bowls 
in the northern region are not statistically different in terms of interior polish with a p-
value of 0.428, but soup plates and Glaze F bowls in the eastern region are significantly 
different, with a p-value of 0.000. For the eastern region, there are less than expected 
Glaze F bowls with high polish and more than expected soup plates with high polish. 
Conversely, there are more than expected Glaze F bowls with low polish and less than 
expected soup plates with low polish. 
For exterior surfaces, the same pattern exists when comparing soup plates to 
bowls (Figure 7.17, Table 7.15). In the northern region, Glaze F bowls have higher polish 
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than the soup plates, whereas, in the eastern region, the soup plates have higher polish 
than the Glaze F bowls. 
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Figure 7.17.  Exterior Polish Comparing Soup Plates to Bowls. 
 
Table 7.15.  Exterior Polish Comparing Soup Plates to Bowls 
Temper Type Glaze Type N High Medium Low 
Augite monz. F 28 28.6% 53.6% 17.9% 
Augite monz. SP 29 27.6% 44.8% 27.6% 
Hbl. Latite F 47 8.5% 57.5% 34.0% 
Hbl. Latite SP 28 21.4% 39.3% 39.3% 
Pajarito and. F 33 72.7% 27.3% 0.0% 
Pajarito and. SP 16 12.5% 56.3% 31.3% 
Sand/siltstone F 13 7.7% 61.5% 30.8% 
Sand/siltstone SP 58 63.8% 32.8% 3.5% 
Vitric tuff F 112 67.0% 27.7% 5.4% 
Vitric tuff SP 69 30.4% 40.6% 29.0% 
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 Chi-square analysis shows a significant association between exterior polish and 
vessel form for all temper types except augite monzonite and hornblende latite-tempered 
ceramics (i.e. 0.664 and 0.176, respectively). For vitric tuff, Pajarito andesite, and 
sand/siltstone-tempered ceramics, p-values are all 0.000. For vitric tuff and Pajarito 
andesite-tempered ceramics, there are more than expected Glaze F bowls with high 
polish, but less than expected soup plates with high polish. Conversely, there are less than 
expected Glaze F bowls with low polish, but the reverse holds for soup plates. In contrast, 
for sand/siltstone-tempered ceramics, there are less than expected Glaze F bowls with 
high polish and, conversely, more than expected Glaze F bowls with low polish. Even 
though the augite monzonite and hornblende latite-tempered ceramics do not show 
significant differences statistically, they follow the same eastern pattern as discussed for 
sand/siltstone-tempered soup plates and Glaze F bowls. 
By grouping the temper types by region, Figure 7.18 illustrates how soup plates in 
the eastern region have higher polish intensity than Glaze F bowls, and soup plates in the 
northern region have lower polish intensity than Glaze F bowls.  
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Figure 7.18.  Exterior Polish Comparing Soup Plates to Bowls by Region. 
 
These results suggest that soup plates are polished differently than traditional 
bowls. Overall, soup plates in the eastern region are polished more than Glaze F bowls, 
and soup plates in the northern region exhibit the opposite trend. This difference in polish 
intensity between vessel forms is the most pronounced in the eastern regions. Also, 
ceramics in the eastern region tend to be more polished in general than their counterparts 
in the northern region. 
Finally, for the soup plate sample, hornblende latite-tempered soup plates have 
the lowest polish intensity on interior surfaces, and sand/siltstone-tempered soup plates 
have the highest (Figure 7.19, Table 7.16).  
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Figure 7.19.  Interior Polish on Soup Plates. 
 
Table 7.16.  Interior Polish on Soup Plates 
Temper Type N High Medium Low 
Augite monz. 27 48.2% 40.7% 11.1% 
Hbl. Latite 28 21.4% 57.1% 21.4% 
Pajarito and. 16 43.8% 50.0% 6.3% 
Sand/siltstone 58 65.5% 32.8% 1.7% 
Vitric tuff 69 58.0% 33.3% 8.7% 
 
 Chi-square analysis confirms the association between temper type and interior 
polish intensity (p-value of 0.008). Specifically, the hornblende latite-tempered soup 
plates are significantly different than the other soup plates. For hornblende latite-
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tempered soup plates, there are less than expected soup plates with high polish, and 
conversely more than expected soup plates with low polish. 
On exterior surfaces, sand/siltstone-tempered soup plates have higher frequencies 
of high polish (64 percent) than any of the other soup plates (ranging from 12 to 30 
percent) (Figure 7.20, Table 7.17). The other soup plates are all similar in that most have 
medium to low polish. In contrast, less than four percent of sand/siltstone-tempered soup 
plates have low polish on exterior surfaces. 
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Figure 7.20.  Exterior Polish on Soup Plates. 
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Table 7.17.  External Polish on Soup Plates 
Temper Type N High Medium Low 
Augite monz. 29 27.6% 44.8% 27.6% 
Hbl. Latite 28 21.4% 39.3% 39.3% 
Pajarito and. 16 12.5% 56.3% 31.3% 
Sand/siltstone 58 63.8% 32.8% 3.5% 
Vitric tuff 69 30.4% 40.6% 29.0% 
 
Chi-square analysis confirms an association between temper type and exterior 
polish intensity (i.e. p-value of 0.008). Specifically, sand/siltstone-tempered soup plates 
have the highest polish intensity. 
Decoration 
Two decorative variables were examined: slip color and glaze-paint color. 
Because of their high visibility on a finished vessel, changes in these variables may 
suggest that potters were responding to a new demand with the arrival of Spanish 
consumers. However, glaze-paint represents a complex technology, involving a recipe 
and specific firing procedures, which must be learned through direct learning. Thus, 
changes in glaze-paint color may indicate Pueblo disruption due to a breakdown in 
cultural transmission or a change in the composition of the potting group. Alternatively, 
decorative differences between vessel forms may suggest that potters consciously chose 
to decorate soup plates differently, possibly striving for a distinct aesthetic for these new 
vessel forms. Decorative differences in soup plates may also indicate that the new vessel 
forms were decorated primarily for Spanish consumption and/or used in different 
contexts than traditional vessels. High variability among soup plates may suggest that 
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potters had flexibility to be innovative, and that there was not an overall Spanish directive 
regarding how soup plates should be decorated. Finally, regional differences in 
decoration may suggest that potters within communities of practice strived for different 
aesthetics and/or signaled their own group membership or other symbolic meanings.  
Glaze-paint color and slip colors were measured using a Munsell chart on both 
interior and exterior surfaces. Munsell values were taken for the most dominant color 
area for each surface. Analysis was conducted with a standard light with UV filter. After 
the Munsell values were determined, the values were grouped into color categories for 
both glaze-paint and slip. Color categories were useful for comparative purposes because 
the Munsell values were so numerous and because the glaze-paint and slip colors did not 
match well to the Munsell color chart. The color categories were created after examining 
the range of variability of slip and glaze-paint colors in the sample. 
Slip color categories included: tan, buff, brown/reddish brown, gray, red/orange, 
off-white/pinkish, and black. Tan was considered yellowish-brown, whereas buff was 
pinkish-brown (Table 7.18). 
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Table 7.18.  Slip Color Categories and Corresponding Munsell Values 
Slip Color Categories Munsell  Values 
Black 10R2.5/1 
10YR2/1 
2.5Y2.5/1 
2.5YR2.5/1 
5Y2.5/1 
7.5YR2.5/1 
7.5YR3/1 
GLEY1 2.5/ 
Brown/Reddish Brown 10R3/1 
10R3/2 
10R4/2 
10YR2/2 
10YR3/2 
10YR3/3 
10YR4/4 
10YR4/6 
10YR5/2 
10YR5/3 
10YR5/4 
2.5YR2.5/2 
2.5YR2.5/4 
2.5YR3/1 
2.5YR3/2 
2.5YR3/3 
2.5YR4/2 
2.5YR4/3 
2.5YR4/4 
2.5YR5/4 
5YR2.5/2 
5YR3/3 
5YR3/4 
5YR4/3 
5YR4/4 
5YR4/6 
5YR5/2 
5YR5/3 
5YR5/4 
7.5YR2.5/2 
7.5YR2.5/3 
7.5YR3/3 
7.5YR4/2 
7.5YR4/3 
7.5YR4/4 
7.5YR5/2 
7.5YR5/3 
Buff 5YR6/3 
5YR6/4 
5YR8/3 
7.5YR6/2 
7.5YR6/3 
7.5YR6/4 
7.5YR7/2 
7.5YR7/3 
7.5YR7/4 
7.5YR8/2 
7.5YR8/3 
7.5YR8/4 
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Table 7.18 Continued 
 
Slip Color Categories Munsell  Values 
Grey 10R4/1 
10R5/2 
10YR3/1 
10YR5/1 
10YR6/1 
10YR7/1 
2.5Y4/1 
2.5Y5/1 
2.5Y6/1 
2.5Y7/1 
2.5YR4/1 
2.5YR5/1 
2.5YR6/1 
5Y4/1 
5Y5/1 
5YR4/1 
7.5YR6/1 
7.5YR7/1 
GLEY1 3/1 
GLEY14/ 
GLEY15/ 
GLEY15/N 
GLEY16/ 
GLEY16/2 
GLEY16/N 
GLEY17/ 
GLEY27/5PB 
Off White/Pinkish 10R6/3 
10R6/4 
10R6/6 
10R8/2 
10YR8/1 
2.5Y8/1 
2.5YR5/3 
2.5YR6/2 
2.5YR6/3 
2.5YR6/4 
2.5YR7/2 
2.5YR7/3 
2.5YR7/4 
2.5YR8/1 
2.5YR8/2 
5Y8/1 
7.5YR8/1 
Red/Orange 10R3/3 
10R3/4 
10R3/6 
10R4/3 
10R4/4 
10R4/6 
10R4/8 
10R5/3 
10R5/4 
10R5/6 
10R5/8 
10YR5/6 
2.5YR4/6 
2.5YR4/8 
2.5YR5/6 
2.5YR5/8 
2.5YR6/6 
2.5YR6/8 
2.5YR7/6 
5YR5/6 
5YR6/6 
5YR7/4 
5YR7/6 
7.5YR6/6 
7.5YR7/6 
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Table 7.18 Continued 
 
Slip Color Categories Munsell  Values 
Tan 10YR6/2 
10YR6/3 
10YR6/4 
10YR7/2 
10YR7/3 
10YR7/4 
10YR8/2 
10YR8/3 
10YR8/4 
2.5Y6/2 
2.5Y7/2 
2.5Y8/2 
 
Glaze-paint color categories included: dark black, brown, brownish grey, reddish 
brown, brownish black, black with green, brown with green, green, grey, and degraded 
(for sherds where the original glaze-paint color was unclear as a result of 
degradation/oxidation) (Table 7.19).  
Table 7.19.  Glaze-paint Color Categories 
Glaze-paint Color Categories 
Dark Black 
Brown 
Brownish Grey 
Reddish Brown 
Brownish Black 
Black with Green 
Brown with Green 
Green 
Grey 
Degraded/Unclear Color 
 
These specific color categories were collapsed into larger units to permit 
comparison across sites and regions (Table 7.20).  
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Table 7.20.  Glaze-paint Color Broad Categories 
Black Brown Green Grey Degraded 
Dark black Brown Black with green Grey Degraded 
 Brownish grey Brown with green   
 Reddish brown Green   
 Brownish black    
 
Decoration General Trends 
Consistent with what other researchers have noted, this analysis demonstrates an 
increase in green (and runny) glaze-paint on traditional bowls during the early colonial 
period, which likely reflects a new composition in the glaze recipe (or possibly different 
firing temperatures). A change in the glaze-paint composition may have been a result of 
Spaniards and Pueblo groups competing over the same lead resources (Warren 1979b). 
For slip color, there are no consistent trends, which suggests there was little Spanish 
oversight or control over how traditional bowls were decorated.  
Soup plates and Glaze F bowls also are decorated differently, which may indicate 
that soup plates were produced primarily for Spaniards or used in different contexts than 
traditional vessels. Specifically, red/orange slips are most common on soup plates, 
whereas tan slips are most common on traditional bowls. However, sand/siltstone-
tempered soup plates are an exception to this trend in that tan slip is most common for 
soup plates, and very few sand/siltstone-tempered soup plates have red/orange slip. 
Regionally, more soup plates than Glaze F bowls have black glaze-paint in the eastern 
region; in the northern region, the opposite trend exists. Thus, potters from each region 
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chose to decorate soup plates with a distinct aesthetic in mind, which differed from 
traditional bowls.  
Finally, soup plates are mostly decorated with red/orange slip and brown or black 
glaze-paint. Green glaze-paint is relatively uncommon. However, there is considerable 
variability among soup plates, especially in terms of slip color, which suggests that 
potters were maintaining and signaling group identity. For instance, most Yungue (vitric 
tuff-tempered) soup plates have a brick red slip, San Marcos (augite monzonite-
tempered) soup plates have an orangish slip (and many are not slipped), and Pecos 
(sand/siltstone-tempered) soup plates have tan and buff slips. Of these, Pecos 
(sand/siltstone-tempered) soup plates are the most distinctive with their light slips (i.e. 
buff/tan) (Figure 7.21). Regionally, soup plates mostly have red/orange slips in the 
northern region, whereas in the eastern region, soup plates have a wider range of slip 
colors, including tan, buff, and red/orange.  
 
 
Figure 7.21.  Examples of Soup Plate Rims from Pecos Pueblo. 
Photos by Jennifer Dyer. 
 
Slip Color 
Because changes on exterior surfaces are redundant with the results of interior 
surfaces, the slip color analysis on interior surfaces is only discussed.  
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For traditional bowls, there are some subtle changes in frequencies of slip colors 
during the early colonial period, but these changes are not consistent across temper types 
(Figure 7.22, Table 7.21). Hornblende latite and sand/siltstone-tempered bowls both 
exhibit an increase in tan slips and a decrease in red/orange and brown/reddish brown 
slips. In contrast, augite monzonite-tempered bowls show a slight decrease in tan slips 
and an increase in brown/reddish brown slips.  
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Figure 7.22.  Interior Slip Color of Pre-colonial and Colonial Period 
Traditional Bowls. 
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Table 7.21.  Interior Slip Color of Pre-colonial and Colonial Period Traditional Bowls 
Temper 
Type 
Time 
Period N 
Brown& 
reddish 
brown Buff Grey 
Off 
white& 
pinkish 
Red& 
orange Tan 
Augite monz. C-D 38 2.6% 15.8% 10.5% 15.8% 10.5% 44.7% 
Augite monz. E-F 40 12.5% 15.0% 17.5% 2.5% 12.5% 40.0% 
Hbl. Latite C-D 18 11.1% 27.8% 0.0% 5.6% 27.8% 27.8% 
Hbl. Latite E-F 45 0.0% 22.2% 8.9% 11.1% 20.0% 37.8% 
Sand/siltstone C-D 33 18.2% 27.3% 6.1% 3.0% 15.2% 30.3% 
Sand/siltstone E-F 55 3.6% 27.3% 5.5% 7.3% 5.5% 50.9% 
 
Chi-square analysis shows no association between interior slip color and time, 
which indicates these changes in frequency of slip colors on traditional bowls are not 
statistically significant. Chi-square analysis for augite monzonite and sand/siltstone-
tempered bowls result in p-values of 0.210 and 0.086, respectively. The chi-square 
analysis results for hornblende latite-tempered bowls are inconclusive. 
By contrast, there are differences in the frequencies of slip colors between soup 
plates and traditional bowls (Figure 7.23, Table 7.22). Soup plates tend to have more 
red/orange slips than traditional bowls, except for sand/siltstone-tempered soup plates. 
For sand/siltstone-tempered ceramics, a small and almost equal number of soup plates 
and Glaze F bowls have red/orange slips (12 percent and 11 percent, respectively), and 
sand/siltstone-tempered soup plates have more tan and buff slips than Glaze F bowls.  
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Figure 7.23.  Interior Slip Color Comparing Soup Plates and Bowls. 
 
These trends suggest that soup plates are decorated differently than traditional 
bowls. Red/orange slips appear to be preferred for soup plates, whereas tan slips are 
preferred for bowls. These decorative differences suggest that soup plates were produced 
primarily for Spanish consumption (assuming Spaniards preferred red slip) and bowls for 
Pueblo consumption. However, sand/siltstone-tempered soup plates do not follow this 
trend; tan slip appears to be preferred for sand/siltstone-tempered soup plates, and few 
have red/orange slip. 
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Table 7.22.  Interior Slip Color Comparing Soup Plates to Bowls 
Temper Type 
Glaze 
Type 
N 
Brown& 
reddish 
brown 
Buff Grey 
Off 
white& 
pinkish 
Red& 
orange 
Tan 
Augite monz. F 26 15.4% 7.7% 19.2% 3.9% 15.4% 38.5% 
Augite monz. SP 12 16.7% 0.0% 8.3% 8.3% 66.7% 0.0% 
Hbl. Latite F 36 0.0% 27.8% 11.1% 8.3% 19.4% 33.3% 
Hbl. Latite SP 15 6.7% 26.7% 6.7% 6.7% 46.7% 6.7% 
Pajarito and. F 28 14.3% 7.1% 0.0% 0.0% 71.4% 7.1% 
Pajarito and. SP 14 7.1% 7.1% 0.0% 0.0% 85.7% 0.0% 
Sand/siltstone F 9 11.1% 33.3% 22.2% 0.0% 11.1% 22.2% 
Sand/siltstone SP 50 0.0% 42.0% 0.0% 6.0% 12.0% 40.0% 
Vitric tuff F 101 8.9% 10.9% 0.0% 1.0% 78.2% 1.0% 
Vitric tuff SP 66 6.1% 3.0% 1.5% 3.0% 86.4% 0.0% 
 
There are also regional differences in frequencies of slip color for both soup 
plates and Glaze F bowls (Figure 7.24). It is clear that red/orange slips are preferred in 
the northern region. In the eastern region, tan, gray, and buff slips are preferred. 
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Figure 7.24.  Interior Slip Color Comparing Soup Plates to Bowls by Region. 
 
Chi-square analysis confirms that slip color and region are associated for both 
soup plates and Glaze F bowls, with p-values of 0.000. For the eastern region, there is a 
lower than expected amount of soup plates and Glaze F bowls with red/orange slips and a 
higher than expected amount of soup plates and Glaze F bowls with tan slips. These 
patterns are reversed for soup plates and Glaze F bowls produced in the northern region.  
For the soup plate sample, there is considerable variability in frequencies of slip 
color, in which vitric tuff and sand/siltstone-tempered soup plates are the most distinct 
(Figure 7.25, Table 7.23). Vitric tuff-tempered soup plates have mostly red/orange slips 
(86 percent), whereas sand/siltstone-tempered soup plates have mostly buff (42 percent) 
and tan (40 percent) slips.  
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Figure 7.25.  Interior Slip Color of Soup Plates. 
 
Table 7.23.  Interior Slip Color of Soup Plates 
Temper 
Type N 
Brown& 
reddish 
brown Buff Grey 
Off white& 
pinkish 
Red& 
orange Tan 
Augite monz. 12 16.7% 0.0% 8.3% 8.3% 66.7% 0.0% 
Hbl. Latite 15 6.7% 26.7% 6.7% 6.7% 46.7% 6.7% 
Pajarito and. 14 7.1% 7.1% 0.0% 0.0% 85.7% 0.0% 
Sand/siltstone 50 0.0% 42.0% 0.0% 6.0% 12.0% 40.0% 
Vitric tuff 66 6.1% 3.0% 1.5% 3.0% 86.4% 0.0% 
 
Regionally, northern soup plates are more likely to have red/orange slips than 
their eastern counterparts. Specifically, 85 percent of both vitric tuff and Pajarito 
andesite-tempered soup plates, 67 percent of augite monzonite-tempered soup plates and 
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47 percent of hornblende latite-tempered soup plates, and only 12 percent of 
sand/siltstone-tempered soup plates have red/orange slips. Figure 7.26 illustrates these 
regional differences. In the eastern region, there are almost equal numbers of soup plates 
with buff (32 percent), red/orange (27 percent), and tan (27 percent) slips, whereas in the 
northern region almost all of the soup plates have red/orange slips (86 percent). None of 
the northern soup plates have tan interior slip and only 4 percent have buff slip. Chi-
square analysis confirms the association between interior slip color of soup plates and 
region, with a p-value of 0.000. 
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Figure 7.26.  Interior Slip Color of Soup Plates by Region. 
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Glaze-paint color 
Just as with slip color (and for the same reasons), only the results of the glaze-
paint color analysis on interior surfaces are presented.  
There is a decrease in the frequencies of traditional bowls with black glaze-paint 
(and an increase in green glaze-paint) during the early colonial period (Figure 7.27, Table 
7.24). Even though Figure 7.27 does not specify, the increase in frequencies of traditional 
bowls with green glaze-paint occurs with Glaze F bowls (for all temper types). 
Sand/siltstone-tempered pre-colonial bowls are the most distinct in that they are 
commonly decorated with brown glaze-paint as opposed to the black glaze-paint. The 
latter dominates the augite monzonite and hornblende latite-tempered pre-colonial bowls. 
Sand/siltstone-tempered bowls are also the only ones with green glaze-paint on Glaze C 
and D bowls. 
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Figure 7.27.  Interior Glaze-paint Color of Pre-colonial and Colonial Period Bowls. 
 
Table 7.24.  Interior Glaze-paint Color of Pre-colonial and Colonial Period Bowls 
Temper Type Time Period N Black Brown Green Grey Degraded 
Augite monz. C-D 40 65.0% 30.0% 0.0% 2.5% 2.5% 
Augite monz. E-F 41 31.7% 31.7% 19.5% 0.0% 17.1% 
Hbl. Latite C-D 20 75.0% 20.0% 0.0% 0.0% 5.0% 
Hbl. Latite E-F 55 12.7% 41.8% 32.7% 1.8% 10.9% 
Sand/siltstone C-D 46 26.1% 56.5% 8.7% 0.0% 8.7% 
Sand/siltstone E-F 63 20.6% 54.0% 14.3% 0.0% 11.1% 
 
However, chi-square analysis for sand/siltstone-tempered bowls shows no 
association between interior glaze-paint color and time (p-value of 0.747). Chi-square 
analyses for augite monzonite and hornblende latite-tempered bowls are inconclusive. 
However, augite monzonite and hornblende latite-tempered bowls likely have significant 
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changes in interior glaze-paint color during the early colonial period. They both show 
higher than expected amounts of black paint and lower than expected amounts of green 
paint during pre-colonial times, and reverse trends for both black and green glaze-paint 
during the early colonial period.  
There are also differences in glaze-paint color between soup plates and traditional 
bowls (Figure 7.28, Table 7.25). In the northern region, more of the Glaze F bowls have 
black glaze-paint than the soup plates; in the eastern region, more of the soup plates have 
black than the Glaze F bowls. Additionally, in the eastern region, fewer soup plates have 
green glaze-paint than Glaze F bowls. In the northern region, there are approximately 
equal numbers of soup plates and Glaze F bowls with green glaze-paint. 
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Figure 7.28.  Interior Glaze-paint Color Comparing Soup Plates and 
Traditional Bowls. 
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Table 7.25.  Interior Glaze-paint color Comparing Soup Plates and Bowls 
Temper Type 
Glaze 
Type N Black Brown Green Grey Degraded 
Augite monz. F 27 22.2% 25.9% 29.6% 0.0% 22.2% 
Augite monz. SP 25 24.0% 48.0% 12.0% 4.0% 12.0% 
Hbl. Latite F 46 6.5% 43.5% 37.0% 0.0% 13.0% 
Hbl. Latite SP 20 25.0% 35.0% 10.0% 0.0% 30.0% 
Pajarito and. F 31 29.0% 32.3% 12.9% 0.0% 25.8% 
Pajarito and. SP 16 12.5% 68.8% 12.5% 0.0% 6.3% 
Sand/siltstone F 11 0.0% 63.6% 27.3% 0.0% 9.1% 
Sand/siltstone SP 56 32.1% 44.6% 3.6% 12.5% 7.1% 
Vitric tuff F 112 29.5% 35.7% 12.5% 0.9% 21.4% 
Vitric tuff SP 66 22.7% 48.5% 9.1% 0.0% 19.7% 
 
Chi-square analysis shows an association between interior glaze-paint color and 
vessel form for hornblende latite-tempered ceramics. The p-value is 0.019. For 
hornblende latite-tempered ceramics, there are lower than expected amounts of Glaze F 
bowls with black glaze-paint, but higher than expected amounts of soup plates with black 
glaze-paint. Additionally, there are higher than expected amounts of Glaze F bowls with 
green glaze-paint, but lower than expected amounts of soup plates with green glaze-paint. 
In contrast, for Pajarito andesite-tempered ceramics, there is no association between 
interior glaze-paint color and vessel form, with a p-value of 0.90. Chi-square analyses for 
augite monzonite, sand/siltstone, and vitric tuff-tempered ceramics are inconclusive.  
Figure 7.29 illustrates the regional differences between soup plates and Glaze F 
bowls in terms of glaze-paint color.  
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Figure 7.29.  Interior Glaze-paint Color Comparing Soup Plates and 
Bowls by Region. 
 
 Chi-square analysis confirms the association between interior glaze-paint color 
and vessel form for the eastern region, with a p-value of 0.000. There are less than 
expected numbers of Glaze F bowls with black paint and more than expected numbers of 
Glaze F bowls with green paint. Conversely, there are more than expected numbers of 
soup plates with black paint and less than expected numbers of soup plates with green 
paint. Unfortunately, chi-square is inconclusive for the northern region because of low 
cell counts.  
 Thus, there are differences in how soup plates and bowls are decorated in terms of 
glaze-paint color, which exhibit regional patterning. Specifically, for the eastern region, 
more soup plates have black glaze-paint than Glaze F bowls, and for the northern region 
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the opposite trend exists. However, all colors (except grey) occur on both vessel forms. In 
fact, this high variability in glaze-paint color for each production area and region may 
indicate that glaze-paint color was not very well controlled or purposeful. Thus, some of 
the variability in glaze-paint color may be a result of a lack of control, and even 
randomness.   
When comparing soup plates, there is slightly more uniformity in glaze-paint 
color (Figure 7.30, Table 7.26). For all of the temper types, brown is the most common 
glaze-paint color. Nearly half of the soup plates have brown glaze-paint (ranging from 44 
percent to 69 percent), except for hornblende latite-tempered soup plates (35 percent). 
However, a significant fraction (30 percent) of hornblende latite-tempered soup plates 
have glaze-paint that is too degraded to determine original color, which may explain the 
lower frequency of brown glaze-paint. Interestingly, the brown glaze-paint is usually 
runny (Figure 7.31). Black is the second most common glaze-paint color on soup plates. 
Sand/siltstone-tempered soup plates are the most likely to have black glaze-paint (32 
percent) and Pajarito andesite-tempered soup plates have the lowest frequency of black 
glaze-paint (12.5 percent). Finally, very few soup plates have green glaze-paint, ranging 
from 4 percent of sand/siltstone-tempered soup plates up to 12 percent of augite 
monzonite and Pajarito andesite-tempered soup plates.  
199 
 
Temper Type
Vi
tri
c 
tu
ff
Sa
nd
/s
ilt
st
on
e
Pa
ja
rit
o 
an
de
sit
e
Ho
rn
bl
en
de
 la
tit
e
Au
gi
te
 m
on
zo
ni
te
100
80
60
40
20
0
P
e
rc
e
n
t
degraded
grey
green
brown
black
Glaze-paint
 
Figure 7.30.  Interior Glaze-paint Color on Soup Plates. 
 
Table 7.26.  Interior Glaze-paint Color on Soup Plates 
Temper Type N Black Brown Green Grey Degraded 
Augite monz. 25 24.0% 48.0% 12.0% 4.0% 12.0% 
Hornblende latite 20 25.0% 35.0% 10.0% 0.0% 30.0% 
Pajarito andesite 16 12.5% 68.8% 12.5% 0.0% 6.3% 
Sand/siltstone 56 32.1% 44.6% 3.6% 12.5% 7.1% 
Vitric tuff 66 22.7% 48.5% 9.1% 0.0% 19.7% 
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Figure 7.31.  Examples of Soup Plates with Brown, Runny Glaze-paint.  
Glaze-on-red soup plate rim sherds from San Gabriel del Yungue. 
Photos by Jennifer Dyer. 
 
Greater uniformity of glaze-paint color for soup plates may suggest these vessel 
forms were decorated with Spanish sensibilities/preferences in mind.  
Firing 
Firing atmosphere refers to the balance of gases (i.e. oxygen, carbon monoxide, 
carbon dioxide) during a firing event. An oxidizing atmosphere has excess free oxygen, 
causing the carbon (i.e. organic matter) to burn out of the clay and iron compounds to be 
oxidized to ferric oxide. Alternatively, in a reducing atmosphere, oxygen is deficient and 
the carbon does not completely burn out (i.e. incomplete oxidation) and/or the iron 
compounds remain in a reduced state.  
Firing atmosphere is not visible on a finished vessel. In fact, firing atmosphere is 
likely the most conservative variable analyzed in the entire study. The firing process is 
very risky as it is the last step in the ceramic production sequence, and if done improperly 
can lead to failed results. Given the labor investment in the manufacture of a ceramic, it is 
unlikely that a potter will change the firing conditions once a successful procedure has 
been learned (Arnold 1985). However, this variable is likely to be relatively un-
standardized because Pueblo ceramics were fired in open pits or trenches with differential 
airflow, making control of temperature and atmosphere difficult.  
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Firing atmosphere can be assessed by examining the color of a clay fabric (Rye 
1981). Clay color depends on the clay composition (i.e. amount of carbon and types of 
iron compounds present) in combination with firing atmosphere, duration, and 
temperature. Commonly, there are layers of colors on the cross-section of a sherd, which 
creates a core color pattern. These patterns are a proxy for determining firing atmosphere, 
in which dark grey or black clay indicates reduction or incomplete oxidation, and red or 
light clay indicates complete oxidation. Firing atmosphere was recorded using Pierce’s 
(1999) core pattern sheet, in which the upper side is the exterior surface and the lower 
side is the interior surface (Figure 7.32).  
 
 
Figure 7.32.  Core Patterns (adapted from Pierce 1999). 
Broad categories were used to group the core color patterns for comparative 
purposes based on amount of oxidation versus incomplete oxidation (or reduction) (i.e. 
light vs. dark colors in each core pattern). These categories included: 100% Oxidized, 
>50% Oxidized, 50% Oxidized, >50% Incompletely oxidized, and 100% Incompletely 
oxidized (Table 7.27).  
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Table 7.27.  Firing Core Pattern Categories 
Oxidation/Incomplete Oxidation Core Pattern (Pierce 1999) 
100% Oxidized A 
>50% Oxidized J, K, L, M, I 
50% Oxidized D, E 
>50% Incompletely oxidized C, F, G, H, N, O, P 
100% Incompletely oxidized B 
 
To address whether clays were carbonaceous or iron-rich, I refired a small sample 
of sherds (n=71) from the different pueblos/production areas (Table 7.28). The test 
consisted of firing chips of each sherd at 700 degrees Celsius for five minutes. Before 
refiring, I recorded the color of the paste, slip, and paint, using the Munsell color chart, 
and the hardness of the paste using Moh’s hardness picks. If the chip became lighter and 
clearer in color after refiring for five minutes, I inferred the clay was carbonaceous. If 
there was no color change, the clay was likely iron-rich because oxidation of iron would 
take thirty minutes or longer at this temperature.  
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Table 7.28.  Frequency of Carbonaceous Clay 
Temper Type N 
Frequency of 
Carbonaceous Clay 
Glaze C Glaze D Glaze E Glaze F Glaze SP 
Augite monzonite 24 100% 100% 
(5 of 5) 
100% 
(5 of 5) 
100% 
(5 of 5) 
100% 
(4 of 4) 
100% 
(5 of 5) 
Hornblende latite 20 75% -- 80% 
(4 of 5) 
100% 
(5 of 5) 
60% 
(3 of 5) 
60% 
(3 of 5) 
Pajarito andesite 9 56% -- -- -- 20% 
(1 of 5) 
100% 
(4 of 4) 
Sand/Siltstone 7 100% -- -- 100% 
(5 of 5) 
100% 
(1 of 1) 
100% 
(1 of 1) 
Vitric tuff 10 90% -- -- -- 100% 
(5 of 5) 
80% 
(4 of 5) 
 
The results indicated that the ceramics in this study predominantly are of 
carbonaceous clays (i.e. ~85%), which leads to the inference that dark colors in the core 
pattern reflect incomplete oxidation of carbonaceous material, not reduction of iron 
oxides (i.e. dark color indicates organics not iron oxide reduction). Because the clays are 
predominantly carbonaceous, regardless of production area or region, it is reasonable to 
examine firing differences through time and between vessel forms, as well as to make 
regional comparisons. 
Firing General Trends 
Firing atmospheres are relatively unchanged between pre-colonial and colonial 
period traditional bowls. In contrast, there are significant differences in firing atmosphere 
between soup plates and traditional bowls. Specifically, for all temper types, soup plates 
are generally more incompletely oxidized than the Glaze F bowls, which suggests that 
they may have been fired at lower temperatures (and for shorter intervals) than traditional 
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bowls. For the soup plate sample, there is considerable regional variability in firing 
atmosphere. Soup plates in the northern region are generally more incompletely oxidized 
than the soup plates in the eastern region. This pattern of more incomplete oxidation in 
the northern region is consistent for traditional bowls as well, which suggests that 
information regarding firing technology (i.e. firing procedures) was similar within each 
community of practice.  
Firing Atmosphere 
Firing atmospheres appear relatively unchanging between pre-colonial and 
colonial period traditional bowls, especially for augite monzonite-tempered bowls (Figure 
7.33, Table 7.29). Hornblende latite and sand/siltstone-tempered bowls exhibit a decrease 
in mostly incompletely oxidized cores (i.e. 50%-100% dark cores). However, overall, 65 
percent or more of the glaze-painted bowls are mostly incompletely oxidized, except for 
sand/siltstone-tempered colonial period bowls. During the early colonial period, only 40 
percent of the sand/siltstone-tempered bowls are mostly incompletely oxidized, and 60 
percent are completely oxidized (i.e. 100% light cores).  
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Figure 7.33.  Firing Atmosphere of Pre-colonial and Colonial Period 
Traditional Bowls. 
 
All show a decrease in 100% incomplete oxidation during the early colonial 
period. There is also an increase in 100% oxidized cores in the hornblende latite and 
sand/siltstone-tempered bowls, but not in the augite monzonite-tempered bowls.  
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Table 7.29.  Firing Atmosphere of Pre-colonial and Colonial Period Traditional Bowls 
Temper Type 
Glaze 
Type N 
100% 
oxidized 
>50% 
oxidized 
50%, 
50% 
>50% 
incomplete 
oxidation 
100% 
incomplete 
oxidation 
Augite monz. C-D 36 27.8% 0.0% 2.8% 52.8% 16.7% 
Augite monz. E-F 40 20.0% 5.0% 2.5% 60.0% 12.5% 
Hbl. Latite C-D 14 7.1% 0.0% 7.1% 42.9% 42.9% 
Hbl. Latite E-F 47 27.7% 0.0% 6.4% 51.1% 14.9% 
Sand/siltstone C-D 26 34.6% 0.0% 0.0% 57.7% 7.7% 
Sand/siltstone E-F 52 59.6% 0.0% 0.0% 36.5% 3.9% 
 
However, chi-square analysis indicates no association between firing atmospheres 
and time for sand/siltstone-tempered bowls (i.e. p-value of 0.111), suggesting stability in 
firing practices. Because firing practices are taught through direct learning, stability in 
firing atmospheres indicates that learning networks remained viable after Spanish 
contact. Chi-square results for augite monzonite and hornblende-tempered bowls are 
inconclusive. 
By contrast, soup plates tend to be more incompletely oxidized than the Glaze F 
bowls for all temper types (Figure 7.34, Table 7.30), which suggest Pueblo potters were 
firing these new vessel forms differently. For all temper types, there are higher numbers 
of soup plates with 100% incompletely oxidized cores than the Glaze F bowls, which 
may indicate that soup plates were fired separately than the traditional bowls, and at 
lower temperatures and/or for shorter intervals.  
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Figure 7.34.  Firing Atmosphere Comparing Soup Plates to Bowls. 
 
Table 7.30.  Firing Atmosphere Comparing Soup Plates and Bowls 
Temper Type 
Glaze 
Type N 
100% 
oxidized 
>50% 
oxidized 
50%, 
50% 
>50% 
incomplete 
oxidation 
100% 
incomplete 
oxidation 
Augite monz. F 28 28.6% 3.6% 3.6/5 57.1% 7.1% 
Augite monz. SP 26 11.5% 7.7% 7.7% 42.3% 30.8% 
Hbl. Latite F 39 28.2% 0.0% 7.7% 56.4% 7.7% 
Hbl. Latite SP 25 16.0% 8.0% 8.0% 40.0% 28.0% 
Pajarito and. F 20 0.0% 5.0% 10.0% 40.0% 45.0% 
Pajarito and. SP 14 0.0% 0.0% 0.0% 28.6% 71.4% 
Sand/siltstone F 9 44.4% 0.0% 0.0% 55.6% 0.0% 
Sand/siltstone SP 55 16.4% 1.8% 5.5% 47.3% 29.1% 
Vitric tuff F 60 5.0% 3.3% 10.0% 40.0% 41.7% 
Vitric tuff SP 61 4.9% 4.9% 9.8% 27.9% 52.5% 
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Despite these general trends, chi-square analysis shows no association between 
firing atmosphere and vessel form for augite monzonite and vitric tuff-tempered 
ceramics, with p-values of 0.116 and 0.690, respectively. However, chi-square analyses 
are inconclusive for hornblende latite, Pajarito andesite, and sand/siltstone-tempered 
ceramics. 
Among soup plates, there is considerable variability in firing atmospheres. Soup 
plates in the northern region are more incompletely oxidized than soup plates in the 
eastern region (Figure 7.35, Table 7.31). Specifically, more than 50 percent of the soup 
plates in the north are 100% incompletely oxidized, as compared to less than 30 percent 
of the soup plates in the eastern region. None of the Pajarito andesite-tempered soup 
plates and less than 10 percent of the vitric tuff-tempered soup plates are mostly oxidized 
(defined as 50%-100% oxidized).  
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Figure 7.35.  Firing Atmosphere of Soup Plates. 
 
Table 7.31.  Firing Atmosphere of Soup Plates 
Temper Type N 
100% 
oxidized 
>50% 
oxidized 
50%, 
50% 
>50% 
reduced 
100% 
reduced 
Augite monz. 26 11.5% 7.7% 7.7% 42.3% 30.8% 
Hbl. Latite 25 16.0% 8.0% 8.0% 40.0% 28.0% 
Pajarito and. 14 0.0% 0.0% 0.0% 28.6% 71.4% 
Sand/siltstone 55 16.4% 1.8% 5.5% 47.3% 29.1% 
Vitric tuff 61 4.9% 4.9% 9.8% 27.9% 52.5% 
 
 Figure 7.36 shows that significant regional differences exist among soup plates in 
terms of firing atmosphere. It is also evident that there is not much standardization of 
firing atmospheres of soup plates, regardless of region. 
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Figure 7.36.  Firing Atmosphere of Soup Plates by Region. 
 
Chi-square analysis confirms the association between firing atmosphere of soup 
plates and region, with a p-value of 0.002. The differences in firing practices between the 
regions are mostly due to below expected numbers of soup plates with 100% oxidation 
and above expected numbers of soup plates with 100% incomplete oxidation in the 
northern region, and the opposite trends for soup plates in the eastern region. 
Macroscopic Overview 
In the following sections, the macroscopic analyses are integrated and discussed 
in the context of how changes in these variables elucidate continuity and change in 
Pueblo ceramics during the early colonial period. Table 7.32 summarizes the results of 
the macroscopic analyses.  
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Continuity during the Early Colonial Period 
Several changes occurred in traditional bowls during the early colonial period, but 
few are consistent among temper types and/or statistically significant (Tables 7.33 and 
7.34). One overall trend is that more bowls have green glaze-paint, and fewer have dark 
black glaze-paint. Even though this trend occurs in all traditional bowls (regardless of 
temper type), these changes are probably not statistically significant (Tables 7.33 and 
7.34). Higher frequencies of green, runny glaze-paint are likely due to a change in the 
composition of glaze-paint recipes (Herhahn 2006), or a shift in firing practices (i.e. 
temperatures, atmosphere, duration, fuels, etc). For instance, higher frequencies of green 
glaze-paint may be a result of Pueblo potters beginning to experiment with different 
fuels, including sheep or cow dung. Alternatively, there may have been a decrease in the 
control of glaze color due to more potters manufacturing glaze-painted ceramics. 
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Table 7.32.  Summary of All Macroscopic Variables 
Variable 
Pre-colonial and 
Colonial Period 
Traditional Bowls*  
Soup Plates vs. Glaze F 
Bowls 
Soup Plate Variability 
Sherd 
Thickness 
SS increases, but AM and 
HL are stable. 
Very similar, but slight 
regional differences. 
Northern: SPs thicker than 
Glaze F bowls (exception 
HL). Eastern: SPs thinner. 
All similar, with slight 
regional differences.  
 
Vitric tuff thickest and SS 
thinnest. 
Rim 
Thickness 
NA SPs thinner than Glaze F 
bowls. 
SS is thickest and vitric 
tuff is thinnest. 
Rim Diameter AM and SS increase, but 
HL decreases. 
NA All similar (~20-22cm). 
Rim Angle NA NA Possible regional 
differences. AM and SS 
have largest rim angles.  
Rim Length NA NA Northern SPs have shorter 
rims than eastern SPs. 
Polish 
Intensity 
Less polish (on interior 
and exterior surfaces) 
through time. 
Northern: SPs less highly 
polished than Glaze F 
bowls. Eastern: SPs more 
highly polished than Glaze 
F bowls. (Both interior 
and exterior polish.) 
No regional differences. 
HL least polished on 
interior surfaces. SS has 
highest frequency of high 
exterior polish. 
Slip Color HL and SS show increase 
in tan slips and decrease in 
red slips after contact. AM 
exhibits reverse trends. 
More SPs have red slip, 
whereas more Glaze F 
bowls have tan slips 
(except SS).  
Northern: SPs and Glaze F 
bowls much more likely to 
have red slips.  
Red slips most common 
on SPs (except SS). 
 
Northern: SPs have more 
red slips than eastern SPs.  
 
VT and SS most distinct. 
Glaze-paint 
Color 
Less black, more green 
through time. 
Northern: SPs less black 
paint than Glaze F bowls. 
Equal amounts of SPs and 
Glaze F bowls have green 
paint. Eastern: SPs more 
black paint than Glaze F 
bowls. Fewer SPs have 
green paint. 
Brown paint most 
common on SPs.  
 
No regional differences. 
Firing  
Atmosphere 
HL and SS increase in 
oxidation, but AM is 
stable. 
SPs more incomplete 
oxidation than Glaze F 
bowls.   
Northern: 100% 
incomplete oxidation more 
common in Glaze F bowls. 
Eastern: 100% oxidation 
more common. 
Northern SPs more 
incomplete oxidation than 
eastern SPs. 
*AM: Augite monzonite, HL: Hornblende latite, SS: Sand/siltstone, PA: Pajarito andesite, VT: Vitric tuff, 
SPs: Soup plates, All: All temper types, Northern region: Vitric tuff and Pajarito andesite, Eastern region: 
Augite monzonite, Hornblende latite, and Sand/siltstone. NA: no comparison made.  
Consistent trends across all temper types are in bold. 
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Table 7.33.  Trends of Traditional Bowls during the Early Colonial Period 
Variable 
Pre-colonial vs. Colonial Period 
Bowls 
Overall 
trend? 
Statistically 
significant? 
Sherd Thickness SS: increases. 
AM and HL: stable. 
No SS only. 
Rim Diameter SS and AM: increase. 
HL decreases. 
No AM and SS only. 
Interior Polish Decrease. Yes No 
Exterior Polish Decrease. Yes AM and HL only. 
Slip Color HL and SS: increase in tan, 
decrease in red. 
AM: reverse trends. 
No No 
Glaze-paint Less black, more green. Yes SS - no. 
AM and HL - ? 
Firing Core HL and SS: increase in oxidation. 
AM stable. 
No No 
 
Table 7.34.  Statistical Summary: Pre-colonial and Colonial Period Bowls 
Variable Statistical Test Augite monz. Hbl. Latite Sand/siltstone 
Sherd thickness ANOVA 0.683 0.517 0.015 
Rim diameter ANOVA 0.011 0.434 0.028 
Interior polish Chi square 0.056 0.076 0.060 
Exterior polish Chi square 0.020 0.020 * 
Slip color Chi square 0.210 * 0.086 
Glaze-paint Chi square * * 0.747 
Firing Chi square * * 0.111 
*No p-value because chi-square approximation probably invalid.  
Problem due to at least one cell with expected counts of less than one. 
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Another overall trend is that bowls are less well-polished during the early colonial 
period, on both interior and exterior surfaces. Because polishing is a labor intensive 
activity, this trend may suggest a shift to more expedient production echoing Capone’s 
(1995) findings. However, on interior surfaces, the difference in polish intensity is very 
subtle and not statistically significant. On exterior surfaces, the decrease in polish 
intensity is only statistically significant for augite monzonite and hornblende latite-
tempered bowls, but not for sand/siltstone-tempered bowls. 
Other changes in colonial period bowls are variable among temper types, and may 
or may not be directly related to Spanish contact. Slip colors change, but the pattern is not 
uniform. Hornblende latite and sand/siltstone-tempered bowls show an increase in 
frequency of tan slips and decrease of red slips. Augite monzonite-tempered bowls, 
however, show the opposite trend. Vessel walls (measured as sherd thickness) of augite 
monzonite and hornblende latite-tempered bowls do not change, but sand/siltstone-
tempered bowls become thicker. Augite monzonite and sand/siltstone-tempered bowls 
increase in size, but hornblende latite-tempered bowls become smaller. There is an 
increase in oxidizing firing atmospheres in hornblende latite and sand/siltstone-tempered 
bowls, but firing atmospheres remain stable in augite monzonite-tempered bowls. 
Overall, there is little evidence to suggest disruption in the glaze-painted ceramic 
tradition during the early colonial period. 
Soup Plates Macroscopically Distinct from Traditional Bowls 
Even though there is considerable continuity in traditional bowls during the early 
colonial period, soup plates exhibit macroscopic differences. In fact, soup plates are 
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distinctive from traditional bowls not just in their smaller size and distinctive flaring rims, 
but in their construction, surface treatment, decoration, and firing (Table 7.35).  
Table 7.35.  Macroscopic Differences between Soup Plates and Traditional Bowls 
Variable Soup plate vs. Glaze F bowl 
Overall 
Trend 
Regional Trend 
Rim thickness Soup plates have thinner rims than bowls. X  
Slip color Higher frequency of soup plates with red/orange slip 
than bowls (except SS). Higher frequency of bowls 
with tan slips than soup plates (except SS). 
X  
Firing Soup plates are fired in more incompletely oxidized 
atmospheres than bowls. 
X  
Interior polish Eastern: soup plates have more polish on interior 
surfaces than bowls. Northern: reverse pattern. 
 X 
Exterior polish Eastern: soup plates have more polish on exterior 
surfaces than bowls. Northern: reverse pattern. 
 X 
Glaze-paint Eastern: Higher frequency of soup plates with black 
glaze-paint than bowls. Northern: reverse pattern. 
Eastern: Lower frequency of soup plates with green 
glaze-paint than bowls. Northern: equal numbers of 
soup plates and bowls have green glaze-paint. 
 X 
 
Regardless of temper type, there are several differences in soup plates related to 
vessel construction, surface treatment, and firing (Table 7.35). In terms of vessel 
construction, soup plates have thinner rims than Glaze F bowls. This change may have 
been preferred because soup plates are smaller than traditional bowls. In terms of 
decoration, soup plates more frequently have red/orange slip than traditional bowls. 
Conversely, more bowls have tan slips than soup plates. These differences in slip color 
suggest that soup plates may have been produced primarily for Spanish consumption 
and/or used in different contexts than traditional bowls. In terms of firing, soup plates are 
more incompletely oxidized than Glaze F bowls. Less oxidation of soup plates may have 
resulted from being fired in separate firing events than traditional bowls (and at lower 
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temperatures and/or for shorter intervals) or being placed differentially in the firing 
trench (i.e. placed below the Glaze F bowls). Even though none of these overall trends 
are statistically significant for all temper types, combined they do suggest that potters 
chose to manufacture soup plates slightly differently than traditional bowls (Table 7.36). 
Table 7.36.  Statistical Summary Comparing Soup Plates and Traditional Bowls 
Macroscopic 
Variable 
Statistical 
Test 
Augite 
monz. 
Hbl. 
Latite 
Sand/ 
siltstone 
Vitric 
tuff 
Pajarito 
andesite 
Sherd thickness ANOVA 0.557 0.408 0.074 0.038 0.921 
Rim thickness ANOVA 0.022 0.059 0.789 0.000 0.029 
Interior polish Chi square 0.154 .0110 0.000 0.402 * 
Exterior polish Chi square 0.664 0.176 0.000 0.000 0.000 
Slip color Chi square * * * * * 
Glaze-paint Chi square * 0.019 * * 0.900 
Firing Chi square 0.116 * * 0.690 * 
*No p-value because chi-square approximation probably invalid.  
Problem due to at least one cell with expected counts of less than one. 
 
There is also evidence for regional disparities in the craftsmanship of soup plates 
and traditional bowls. Soup plates in the northern region are less highly polished than 
traditional bowls, and, conversely, soup plates in the eastern region are more highly 
polished (on both interior and exterior surfaces). These differences in surface polish 
intensity suggest that, in the eastern region, soup plates were manufactured with more 
care (i.e. time spent) than traditional bowls. By contrast, in the northern region, less time 
was spent when manufacturing soup plates than traditional bowls. This disparity in 
craftsmanship extends to the quality of glaze-paint used to decorate soup plates and 
traditional bowls. In the eastern region, more soup plates have black glaze-paint than 
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Glaze F bowls, whereas, in the northern region, the trends are reversed. Also, in the 
eastern region, fewer soup plates have green glaze-paint than Glaze F bowls, whereas, in 
the northern region, soup plates and Glaze F bowls are equally likely to have green glaze-
paint. If dark black glaze-paint was desired, rather than green and runny glaze-paint, then 
it appears that soup plates in the eastern region were manufactured with higher 
craftsmanship than traditional bowls, whereas, in the northern region, soup plates were 
manufactured more expediently.  
Soup Plates 
Soup plates are not only distinct from traditional bowls, they also vary among 
themselves. In fact, both ANOVA and Chi-square tests confirm this statement among 
temper types for most macroscopic variables examined (Table 7.37).  
Table 7.37.  Statistical Summary of Soup Plate Variability 
Variable Statistical Test 
P-value among 
Temper Types 
Sherd thickness ANOVA 0.000 
Rim thickness ANOVA 0.000 
Rim diameter ANOVA 0.185 
Rim angle ANOVA 0.002 
Rim length ANOVA 0.000 
Interior polish Chi square 0.008 
Exterior polish Chi square 0.008 
Slip color Chi square * 
Glaze-paint color Chi square * 
Firing Chi square 0.115 
*No p-value because chi-square approximation probably invalid.  
Problem due to at least one cell with expected counts of less than one. 
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Despite this variability, there are overall similarities among all soup plates (Table 
7.38). For instance, soup plates tend to have vessel walls that range from 5.12mm to 
5.49mm in thickness, and rims that are 5.77mm to 6.21mm thick (except for 
sand/siltstone-tempered soup plates, which have thinner vessel walls and thicker rims 
than the other soup plates). In terms of morphology, soup plates are all relatively small in 
size, with mean rim diameters ranging from about 20cm to 22cm. In terms of surface 
treatments, most soup plates have medium (to low) polish intensity (except for 
sand/siltstone-tempered soup plates, which mostly have high polish). In terms of 
decoration, most soup plates have brown or black glaze-paint on red/orange slip (except 
for sand/siltstone-tempered soup plates, which mostly have buff and tan slips). 
Interestingly, the brown glaze-paint on soup plates is often runny, which may indicate 
higher aluminum in the glaze-paint composition (Habicht-Mauche 2006). Even though 
design styles were not the focus of this study, I observed that common glaze-paint 
designs on soup plates are zigzag lines, parallel lines (similar to tick marks), and cross 
motifs. Additionally, glaze-paint decorations on soup plates consist primarily of simple 
designs or motifs, and are usually confined to the rim. 
Finally, it is noteworthy that for all temper types, soup plates rarely have green 
glaze-paint (4 percent to 12 percent), which is a relatively common glaze-paint color on 
Glaze F bowls (12.5 percent to 37 percent). Differences in glaze-paint color likely 
indicate compositional (recipe) differences. Because glaze-paint recipes are a product of 
direct learning, glaze-paint color differences may have significance regarding the potting 
groups producing soup plates. Differences in glaze-paint color between soup plates and 
traditional bowls may indicate differences in the potting groups, possibly that a subset of 
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potters exclusively manufactured soup plates. However, it should be noted that all glaze-
paint colors occur on both vessel forms. 
Table 7.38.  Overall Trends in Soup Plates 
Variable Overall Trend Comments 
Sherd thickness 
(mean) 
All similar except SS (which 
is thinner). 
All (except SS): 5.12-5.49mm.  
SS: 4.75mm. 
Rim thickness 
(mean) 
All similar except SS (which 
is thicker). 
All (except SS): 5.77-6.21mm.  
SS: 7.26mm. 
Rim Diameter 
(mean) 
All similar (when AM 
removed due to poor sample 
size). 
All (except AM):19.98-22.07cm. 
AM: 14cm. 
Polish intensity All similar except SS (which 
is more highly polished). 
All: mostly medium to low polish. 
SS: mostly high polish. 
Slip Color Mostly red slips (except SS). 
SS mostly buff and tan slips. 
All (except SS): 47-86% red slips.  
SS: 42% buff slips, 40% tan slips. 
Glaze-paint Mostly brown; black next 
most common. Green 
relatively uncommon. 
All: 35-69% brown glaze. 
All: 4-12% green glaze. 
 
Despite this uniformity, soup plates exhibit striking regional and pueblo-specific 
differences, which suggest that Spaniards did not control soup plate production, and that 
potters had flexibility to innovate when manufacturing these new forms. For instance, 
soup plates from each pueblo have different color schemes. Yungue (vitric tuff-tempered) 
soup plates have a brick red slip, San Marcos (augite monzonite-tempered) soup plates 
have an orangish slip, and Pecos (sand/siltstone-tempered) soup plates have tan and buff 
slips. Of these, Pecos soup plates are the most distinct, especially in terms of their light 
slip colors (i.e. buff/tan), high polish intensity on interior and exterior surfaces, thick 
rims, and thin vessel walls. It seems that potters at each pueblo were striving for their 
own aesthetic, likely related to group (or place) signaling or local taste.  
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Soup plates also exhibit strong regional patterning related to vessel construction, 
morphology, decoration, and firing (Table 7.39).  
Table 7.39.  Regional Variability among Soup Plates 
Variable Northern Eastern Statistically Significant? 
Sherd Thickness Thicker Thinner No. Only between VT and SS. 
Rim Thickness Thinner Thicker No. SS significantly thicker than 
all others. 
Rim Diameter Larger Smaller No. 
Rim Angle Smaller Larger No. Only between VT and SS 
(p=0.003). 
Rim Length Shorter Longer Yes (p=0.000). 
Slip Color More 
red/orange 
Less red/orange Yes (p=0.000). 
Firing 
Atmosphere 
Less oxidized More oxidized Yes (p=0.002). 
 
In terms of vessel construction, soup plates in the northern region tend to have 
thicker walls and thinner rims than their counterparts in the eastern region. In terms of 
morphology, soup plates in the northern region tend to be larger in size than soup plates 
in the eastern region. Additionally, soup plates in the northern region have a different 
shape with shorter rims and smaller rim angles than their counterparts in the eastern 
region. In terms of decoration, soup plates in the northern region are more likely to have 
red/orange slips than soup plates in the eastern region. In terms of firing, soup plates in 
the northern region were fired in more incompletely oxidized atmospheres than their 
counterparts in the eastern region. Similarly, higher frequencies of Glaze F bowls in the 
northern region are 100% incompletely oxidized, whereas Glaze F bowls in the eastern 
region are more commonly 100% oxidized. In sum, soup plates in the northern region 
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tend to have thicker walls, shorter and thinner rims, smaller rim angles, larger vessel size, 
and more red/orange slips than their counterparts in the eastern region (Figure 7.37).  
Even though not all of these differences are statistically significant (Table 7.39), 
this regional variability among soup plates suggests that potters from different 
communities of practice exercised creative license within a set of known 
stylistic/technological norms when manufacturing these new vessel forms.  
  
 
Figure 7.37.  Examples of Soup Plate Profiles.  
Left: Northern soup plate profile. Right: Eastern soup plate profile. Not to scale. 
Illustration by Scott Dyer. 
 
Who Manufactured Colono Wares? 
Even though soup plates are distinct from traditional bowls, the macroscopic 
differences are relatively subtle, and many are not statistically significant (Table 7.36). 
As such, the variation is explainable within the tradition of glaze-painted ceramic 
manufacture. The most reasonable explanation of these results is that Pueblo potters 
manufactured soup plates, not Spaniards or other newcomers, because many of these 
variables are the product of direct learning within a community of practice. In sum, 
Pueblo potters manufactured soup plates slightly differently, but still within the same 
overarching technological style of glaze-painted traditional ceramics.  
This inference, however, does not preclude the possibility that a smaller group of 
potters exclusively manufactured soup plates. Given that colono wares are present in very 
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limited numbers across the colony of New Mexico, this possibility requires further 
consideration. To examine this question, I compare coefficients of variation (CVs) in 
soup plates and traditional bowls. Specifically, I use the Levene’s test (a test for equal 
variances) to compare the coefficients of variation (CVs) between vessel forms on several 
metric variables, including sherd thickness, rim thickness, and rim diameter. The 
underlying assumption is that a smaller group of potters will produce ceramics with lower 
variation and lower coefficients of variation (Arnold and Nieves 1992; Benco 1989; 
Blackman et al. 1993; Costin and Hagstrum 1995; Hagstrum 1985; Longacre 1999; 
Longacre et al. 1988; Rice 1981, 1987; Stark 1995). Another way of viewing this is 
standardized coefficients of variation measures standardization. If only a small group was 
involved in manufacturing soup plates, their coefficients of variation should reflect this 
consistency.  
For sherd thickness, all coefficients of variation for soup plates are smaller than 
those for Glaze F bowls, and this observation meets the expectation of less variation in 
soup plates (i.e. fewer potters manufacturing soup plates). However, the Levene’s test 
indicates that these differences are only significant for hornblende latite-tempered 
ceramics, with a p-value of 0.026 (Table 7.40). 
223 
 
Table 7.40.  Sherd Thickness CVs for Soup Plates and Glaze F Bowls 
Temper Type Glaze Type N 
Sherd Thickness 
CV 
Levene’s Test 
(p-value) 
Augite monz. F 29 18.74 0.596 
Augite monz. SP 26 17.99  
Hbl. Latite F 47 19.41 0.026 
Hbl. Latite SP 25 11.19  
Pajarito and. F 30 18.20 0.788 
Pajarito and. SP 16 17.13  
Sand/siltstone F 13 21.79 0.062 
Sand/siltstone SP 58 14.86  
Vitric tuff F 106 18.35 0.315 
Vitric tuff SP 67 15.34  
 
 The opposite result is shown for rim thickness. The coefficients of variation for 
soup plates are larger than those for Glaze F bowls. However, the Levene’s test shows 
these differences are not statistically significant (Table 7.41) 
Table 7.41.  Rim Thickness CVs for Soup Plates and Glaze F Bowls 
Temper Type Glaze Type N 
Rim Thickness 
CV 
Levene’s Test 
(p-value) 
Augite monz. F 25 14.44 0.528 
Augite monz. SP 29 17.01  
Hbl. Latite F 48 15.19 0.713 
Hbl. Latite SP 28 20.03  
Pajarito and. F 33 15.97 0.210 
Pajarito and. SP 16 23.70  
Sand/siltstone F 13 13.98 0.210 
Sand/siltstone SP 58 20.65  
Vitric tuff F 113 13.96 0.446 
Vitric tuff SP 68 14.79  
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 Finally, there are no consistent trends for the measurement of rim diameter among 
temper types. For augite monzonite, hornblende latite, and sand/siltstone-tempered 
ceramics, the coefficients of variation for soup plates are smaller than for Glaze F bowls. 
Conversely, for Pajarito andesite and vitric tuff-tempered ceramics, the coefficients of 
variation for soup plates are larger than for Glaze F bowls. However, when running 
Levene’s test, none of the differences are significant, except for sand/siltstone-tempered 
ceramics, with a p-value of 0.003 (Table 7.42). Although not indicative of the size of the 
manufacturing group, the pattern in the coefficients of variation is consistent across 
regions. 
Table 7.42.  Rim Diameter CVs for Soup Plates and Glaze F Bowls 
Temper Type Glaze Type N 
Rim Diameter 
CV 
Levene’s Test 
(p-value) 
Augite monz. F 25 29.25 0.101 
Augite monz. SP 4 10.10  
Hbl. Latite F 37 27.43 0.259 
Hbl. Latite SP 7 17.04  
Pajarito and. F 29 26.64 0.325 
Pajarito and. SP 13 29.37  
Sand/siltstone F 12 20.92 0.003 
Sand/siltstone SP 56 19.05  
Vitric tuff F 102 22.35 0.172 
Vitric tuff SP 54 27.12  
 
Overall, soup plates do not have consistently smaller coefficients of variation than 
traditional bowls. There is little evidence to suggest that a subset of Pueblo potters 
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produced colono wares. However, further investigation into this question is needed. The 
mixed results regarding coefficients of variation may be a result of the fact that soup 
plates may have been manufactured on an as needed basis. If soup plates were 
manufactured only occasionally, and in small numbers, their manufacture may not have 
been standardized, regardless whether they were manufactured by a small group of 
potters. Also, it is possible that potters consciously chose to manufacture these new 
vessel forms uniquely, which could have been a confounding factor in this analysis. 
Macroscopic Summary 
In sum, the results of the macroscopic analyses indicate considerable continuity in 
colonial period traditional bowls with differences primarily in soup plates only, which 
exhibit a wide range of variability. These results support the idea that the early colonial 
period was characterized by Pueblo resilience and innovation (Hypothesis 3). It appears 
that Pueblo potters did not experience major disruption, and had flexibility to 
manufacture the new vessel forms in innovative ways outside of Spanish control. 
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8.  Instrumental Neutron Activation Analysis 
Instrumental neutron activation analysis (INAA) provides the final evaluation of 
the question regarding compositional differences between traditional and colono ware 
forms. In the analysis, two basic questions are addressed: 1) What is the chemical group 
composition of the dataset, and 2) Are there differences in the chemical composition 
between the soup plates and Glaze F bowls. In addition, the compositional data for this 
study were entered into the University of Missouri Research Reactor (MURR) database 
to determine whether there are matches with other sources.  
The INAA sample includes 180 ceramic rim fragments (i.e. 45 percent of the 
petrographic sample), including 30 soup plates and 15 Glaze F bowls randomly selected 
from each of the four pueblos/settlements. The sampling design was developed to 
compare traditional bowls and soup plates compositionally, in order to identify 
differences in their manufacture in terms of different potters/recipes. Because this study 
is the first colono ware study to utilize INAA, I concentrated on glaze-painted soup plates 
in order to fully chemically characterize these vessel forms. Glaze F bowls were used 
exclusively for the comparison to control for time and to have an adequate sample size 
(n= 15) of traditional bowls from each pueblo/settlement. 
The chemical analysis (INAA) was conducted at the Research Reactor Center of 
the Archaeometry Laboratory, at the University of Missouri. Drs. Jeffrey Ferguson and 
Michael Glascock (2008) provided a full report describing the preparation, analysis, and 
interpretations (Appendix D). The INAA results, which broadly agree with the results of 
the petrographic analysis, indicate that chemical composition groups map on to the rock 
fragments in the ceramics (i.e. temper), not the clay component.  
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On the one hand, the INAA data obtained are not as useful as petrography for 
indicating production area. Moreover, I was hoping for more variation to suggest, 
perhaps, different potters/recipes. This did not happen. On the other hand, the INAA data 
confirms petrographic distinctions and does suggest production differences between 
colono wares and traditional bowls in two cases, at the Palace of the Governor and Pecos 
Pueblo. 
Chemical Composition Groups 
Based primarily on principal components analysis (PCA) and Mahalanobis 
distance calculations, five distinct compositional groups are identified within the ceramic 
assemblage, including Groups 1a, 1c, 2, 3, and Y (Table 8.1). Twenty-three of the 180 
samples (13 percent) cannot be assigned to any compositional group. Ferguson and 
Glascock (2008) indicate that these results are good, considering that in many ceramic 
INAA projects 20 to 25 percent of the samples are left unclassified in order to statistically 
differentiate some of the compositional groups. Most of the unassigned samples are 
bowls from Palace of the Governor. In fact, more than half of the bowls from Palace of 
the Governor cannot be assigned as compared to less than 15 percent of the soup plates. 
Overall, considerable conformity exists between chemical composition groups 
and temper types, indicating that the chemical composition groupings are driven by the 
rock fragments in the ceramics (i.e. temper), not the clay component. For instance, Group 
2 is clearly defined as all sand/siltstone-tempered ceramics. However, the chemical 
composition groups identified through INAA are not as fine-grained as the temper types 
identified by petrographic analysis. In fact, Group 3 does not distinguish between several 
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temper types (i.e. augite monzonite, hornblende latite, Pajarito andesite, and sandy 
monzonite), all of andesitic (intermediate) composition.  
Table 8.1.  Composition Groups by Temper Type 
Temper 
Type 
Group 
1a 
Group 
1c 
Group 
2 
Group 
3 
Group 
Y 
Not 
Assigned Total 
Augite monz.    40  2 42 
Hbl. Latite    29 3 7 39 
Pajarito and.    10   10 
Sandy monz.    2   2 
Sand/siltstone    36   3 39 
Vitric tuff 24 10    8 42 
Tuff rocks      2 2 
Unidentified 2   1  1 4 
Total 26 10 36 82 3 23 180 
 
Groups 1a and 1c are all vitric tuff-tempered ceramics, which were likely 
produced at Yungue (Table 8.1). Because groups 1a and 1c are chemically distinct, they 
may represent two potter groups at Yungue and/or different recipes. It is also possible 
that one of these composition groups represents ceramics produced at Yungue and the 
other represents imports from a nearby pueblo, possibly San Juan Pueblo or another 
pueblo within the Rio Arriba District. Group 1a and 1c ceramics are only present at 
Yungue and Palace of the Governor (Table 8.2). Groups 1a and 1c ceramics include both 
soup plates and bowls at Yungue. At Palace of the Governor, Group 1c ceramics include 
both soup plates and bowls, but Group 1a ceramics include only soup plates.  
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Table 8.2.  Composition Groups by Vessel Form and Site 
Pueblo/ 
Settlement 
Vessel 
Form 
Group 
1a 
Group 
1c 
Group 
2 
Group 
3 
Group 
Y 
Not 
Assigned Total 
Palace   Bowls 0 1 0 6 0 8 15 
Palace   SP 4 2 1 16 3 4 30 
Pecos  Bowls 0 0 6 8 0 1 15 
Pecos  SP 0 0 29 0 0 1 30 
Yungue Bowls 5 1 0 6 0 3 15 
Yungue SP 17 6 0 4 0 3 30 
San Marcos Bowls 0 0 0 15 0 0 15 
San Marcos SP 0 0 0 27 0 3 30 
Total  26 10 36 82 3 23 180 
 
Group 2 includes all sand/siltstone-tempered ceramics, which were locally 
produced at Pecos (Table 8.1). Group 2 ceramics are only present at Pecos, with the 
exception of one soup plate present at Palace of the Governor. At Pecos, Group 2 
ceramics include both soup plates and bowls (Table 8.2).  
Group 3 is the largest group (n=82) and includes all ceramics with andesitic 
tempers, including augite monzonite, hornblende latite, Pajarito andesite, and sandy 
monzonite (Table 8.1). These ceramics were recovered from all of the sites in this study, 
and include both soup plates and bowls, except at Pecos where there are no Group 3 soup 
plates (Table 8.2). Because Group 3 ceramics include several temper types, they 
represent ceramics produced in both the Galisteo Basin and the Rio Arriba/Pajarito 
Districts. Interestingly, a bivariate plot of iron and scandium base-ten logged 
concentrations exhibits finer-grained separation within Group 3, corresponding with 
temper type (Figure 6, Appendix D). 
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Group Y includes a small subset of hornblende latite-tempered ceramics (n=3) 
(Table 8.1), suggesting they were produced in the Galisteo Basin. These ceramics are 
present only at Palace of the Governor, and all are soup plates (Table 8.2). This group 
may represent a unique raw material or recipe that was not used in Glaze F bowl 
production. 
Subset of Potters making Colono wares? 
One goal of obtaining INAA data was to determine whether or not a subset of 
potters manufactured colono wares. INAA was used to address this question because it is 
a highly sensitive method, measuring up to 33 major and trace elements (Ferguson and 
Glascock 2008). As such, I assumed that INAA would identify variation within each 
temper type, to suggest, perhaps, different potters and/or recipes within each production 
area/pueblo. For each temper type, I wanted to compare the number of composition 
groups between vessel forms. A smaller number of composition groups for colono wares 
than traditional bowls could be interpreted to indicate that a subset of the potter 
population within that production area/pueblo manufactured the new vessel forms. 
However, this type of analysis was not feasible because the composition groups were not 
as fine-grained as expected.  
INAA data do not identify more than one composition group within each temper 
type except in two cases -- vitric tuff and hornblende latite-tempered ceramics. Vitric 
tuff-tempered ceramics separated into Groups 1a and 1c, but both composition groups 
include all vessel forms. In contrast, hornblende latite-tempered ceramics separated into 
Groups 3 and Y, and Group Y ceramics include soup plates only, which may indicate a 
different recipe used when manufacturing soup plates (i.e. innovation?). However, 
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because of the small sample of Group Y ceramics (n=3), no further discussion is 
warranted. Thus, INAA data could not be used to provide evidence in support (or against) 
the hypothesis that a subset of potters manufactured colono wares. 
Compositional Diversity between Vessel Forms 
INAA data observed in this study provide some evidence for compositional 
diversity between vessel forms, especially at Palace of the Governor and Pecos Pueblo 
(Table 8.2). The compositional diversity between colono wares and traditional bowls is 
likely related to differences in their manufacture and exchange. Compositional 
differences between vessel forms are not consistent among sites. In general, at Palace of 
the Governor, there is greater variability among the soup plates than bowls, but at Pecos 
there is less variability. Finally, at both Yungue and San Marcos, there is almost no 
difference in diversity of composition groups between vessel forms.  
At Palace of the Governor, bowls are distributed across two composition groups 
(1c, 3), whereas soup plates are assigned to all five known groups. Thus, at Palace of the 
Governor, there is more compositional diversity in the soup plates than the bowls. These 
differences suggest that soup plates were manufactured by more potters (and/or using 
more recipes) than traditional bowls. However, many of the bowls cannot be assigned to 
any of the composition groups. These unassigned bowls likely fall into other composition 
groups that are undefined currently, and may represent other production areas distinct 
from the soup plates. For example, several of the unassigned bowls have different temper 
types than those found in the soup plates, such as tuff rocks and granitoid. However, 
many of the unassigned bowls include temper types also represented in the soup plates 
(i.e. sand/siltstone, vitric tuff, and hornblende latite), which may indicate that there are 
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differences in recipe between vessel forms. In sum, the Palace exhibits the most 
compositional diversity among soup plates relative to any other site. This result is 
consistent with the petrographic analysis in this study, which indicated that all of the soup 
plates at the Palace were imports, whereas soup plates at the pueblos were almost all 
locally produced. 
At Pecos, bowls separate into two of the groups (2, 3), whereas soup plates 
separate into one group (2). At Pecos there is an inverse pattern than at Palace of the 
Governor; Pecos soup plates exhibit less compositional variability than bowls. This 
observation is consistent with the results of the petrographic analysis, which indicated 
that Pecos soup plates were all locally produced. For the bowls at Pecos, there is a 
relatively even distribution between Groups 2 and 3, which relates to locally produced 
ceramics (2) as well as imports from the Galisteo Basin (3).  
Ceramics at Yungue and San Marcos show little variation in composition between 
the soup plate and bowl assemblages. At Yungue, both bowls and soup plates separate 
into the same three compositional groups (1a, 1c, 3). Groups 1a and 1c likely represent 
ceramics produced locally, whereas Group 3 represents imports from the Rio 
Arriba/Pajarito District and/or Galisteo Basin. Most of the bowls at Yungue are from 
Groups 1a or 3, with only one bowl from 1c, whereas soup plates mostly separate into 
Group 1a, with lesser but relatively equal numbers in Groups 1c and 3. At San Marcos 
Pueblo, both bowls and soup plates are from one composition group (3). San Marcos 
shows the least compositional variation of any of the settlements. However, there are 
several soup plates that are unassigned, which may suggest slightly greater compositional 
variability among soup plates. Overall, at both Yungue and San Marcos, INAA data 
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indicate that colono wares and traditional bowls are compositionally similar, suggesting 
they were manufactured by the same potter groups (using the same recipes). However, 
the petrographic analysis results (see Chapter 6), which are more sensitive, indicate 
significant compositional differences between vessel forms. 
Plains-Pueblo Interaction 
Group 2 ceramics show a compositional match in the MURR database with glaze-
painted and plainware ceramics found in the southern Plains of Texas (Boyd et al. 2002). 
Specifically, 15 ceramic samples from the Lake Allen Henry sites, two proto-historic 
sites, are strongly associated with Group 2, the unique composition group at Pecos 
Pueblo. This association is interpreted to imply that at least some of the ceramics at the 
Lake Allen Henry sites were likely produced at Pecos and transported over 500 
kilometers through Pueblo-Plains exchange (Boyd et al. 2002; Habicht-Mauche 1987, 
1988). Alternatively, the possibility exists (albeit remote) that these ceramics were 
produced by Pueblo potters living at the Lake Allen Henry sites, as a result of 
intermarriage or slave trade (Brooks 2002; Habicht-Mauche 1991), who used locally 
available sand or siltstone as a tempering material (J. Ferguson, personal communication 
2008). To resolve this issue, Dr. Ferguson (MURR) and I will collect INAA data on clay 
samples from Pecos National Historical Park to fully characterize the composition group 
for ceramics produced at Pecos pueblo. 
INAA Summary 
Overall, INAA data provide strong, independent agreement for the temper groups 
identified through petrographic analysis. However, because it is less sensitive, INAA 
does not provide much new information in terms of testing my model. 
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9.  Synthesis and Conclusion 
This study investigated how Pueblo groups in New Mexico responded to (and 
were impacted by) Spanish contact during the early colonial period, defined as initial 
contact to the Pueblo Revolt. To do so, I examined early colonial Pueblo ceramics, with 
an emphasis on colono wares, which are a marker trait for Native-Spanish interaction. 
Ceramics are useful for understanding cultural interaction because they are a conservative 
and complex technology, passed down from generation to generation within communities 
of practice. Both traditional vessels and colono wares were analyzed to better understand 
whether technological change or continuity occurred in a subset or all colonial period 
ceramics. The underlying assumption was that overall continuity in ceramic technology 
would reflect significant cultural resilience in Pueblo groups during the early colonial 
period. Conversely, change in ceramic technology would reflect disruption or innovation.  
I began with four questions: 1) was there technological continuity or change in 
ceramics during the early colonial period; 2) are colono wares technologically distinct 
and, therefore, a new ceramic ware; 3) was there technological variation in colono wares 
produced in different pueblos and/or regions; and 4) were colono wares produced by a 
subset of Pueblo potters, or possibly immigrants? 
To address these questions, I designed an archaeological model which would 
elucidate the nature of early colonial period interactions in New Mexico. The hypotheses 
included: I) Persistence, defined as no technological change in any colonial period 
ceramics, including colono wares; II) Disruption, defined as technological change in all 
colonial period ceramics, both traditional vessels and colono wares; and III) Resilience 
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and Innovation, defined as no technological change in traditional vessels after contact, 
but significant differences in the colono wares only.  
Rio Grande glaze-painted ceramics were chosen to test the model in part because 
of their wide distribution in settlements across New Mexico, their timing of production, 
which spans late prehistory through the early colonial period, and because I could 
capitalize on extensive previous work in terms of control of time and provenance. Rio 
Grande Glaze C bowls (A.D. 1425-1490) and Glaze D bowls (A.D. 1490-1515), which 
were produced before contact, were used as a baseline for comparisons with early 
colonial period Glaze E bowls (A.D. 1515-1650/1700) and Glaze F bowls and soup plates 
(A.D. 1625-1700).  
Using a multi-regional approach, I examined pre-colonial and colonial period 
ceramics from mission and non-mission settings (i.e. Pecos Pueblo, San Marcos Pueblo, 
San Gabriel del Yungue, and Palace of the Governor) to elucidate the potentially variable 
Pueblo responses to Spanish newcomers, as well as the nature and extent of Spanish 
control over the colony of New Mexico. Incorporating four localities throughout north-
central New Mexico allowed for meaningful interpretations to be made regarding the 
overall effects of Spanish contact across the colony of New Mexico, as opposed to site-
specific change or stability, which is important because the Spaniards (and Pueblo 
Indians) were not just in one place. This approach also allowed for a comparison of 
colono wares across regions (and contexts) to determine if these new vessel forms were 
made in the same fashion, which might reflect Spanish control over colono ware 
production, tribute demands, and/or possibly forced labor.  
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Multi-scalar analyses were used to test the model, including petrographic, 
chemical, and formal analyses. In all, sixteen microscopic and macroscopic variables 
were measured to evaluate whether there were significant changes through time and 
between vessel forms. The variables related to many aspects of the ceramic production 
process, including the constituents or ingredients used, clay and temper processing, vessel 
construction, morphology, surface treatments, decoration, and firing.  
Pueblo Resilience 
Overall, the analyses produced highly consistent results indicating that there was 
continuity in the ceramic technology during the early colonial period, with subtle 
differences in colono wares only. Because glaze-painted ceramics represent a complex 
and conservative tradition, including many production steps that are invisible on a 
finished vessel, technological stability in Pueblo glaze-paint ceramics suggests cultural 
continuity. This continuity is demonstrated at several places in north-central New 
Mexico, including Pecos, Yungue, San Marcos, and other Galisteo Basin pueblos. The 
redundancy across locations is strong support for continuity during the early colonial 
period. However, this finding of technological stability differs from Capone’s (1995) 
results of a shift to expedient technology in the Salinas Region, indicating that Pueblo 
experiences (and responses) were variable throughout the colony of New Mexico, in 
terms of varying levels of Pueblo disruption (see also Spielmann et al. 2009).  
Technological stability in the glaze-painted ceramic tradition suggests that 
cultural transmission within communities of Pueblo potters was not disrupted in the 
sixteenth or seventeenth centuries, providing indirect evidence that Pueblo populations in 
north-central New Mexico did not experience early or catastrophic demographic collapse. 
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Thus, this study is another in the growing suite of archaeological and historical research 
that refutes Dobyns’ hypothesis of an early, sixteenth-century (1519-1520) smallpox 
pandemic causing demographic collapse across the entire western hemisphere (Dobyns 
1991).  
Despite overall technological stability in Pueblo ceramics, there were subtle 
changes over time. For instance, researchers have long been aware of an increase in the 
frequency of green (and runny) glaze-paint in Glaze F ceramics. I observed the same 
phenomenon, which may be a result of Spaniards and Pueblo Indians competing for the 
same lead sources. Additionally, there was an overall shift toward lower luster on glaze-
paint traditional bowls, which may indicate that Pueblo potters spent less time polishing 
these vessels after the arrival of the Spaniards. However, this change in polish intensity 
was subtle, and only statistically significant on less visible, exterior surfaces. 
Notwithstanding these differences, there was little to suggest simplification in Pueblo 
ceramics, or a shift to expedient technology, especially not at the scale documented in the 
Southeast.  
Soup Plates and Innovation 
Even though there is considerable continuity in traditional bowls during the early 
colonial period, colono ware soup plates are distinct. These new vessel forms are 
distinctive not just in their smaller size and distinctive flaring rims, but in their 
composition, clay processing, vessel construction, surface treatments, decoration, and 
firing. Thus, Pueblo potters in north-central New Mexico were not just using the 
technology of traditional bowls and manufacturing new forms. They were innovating by 
producing new forms, as well as by experimenting with technological aspects. What these 
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technological differences may suggest is that soup plates were produced primarily for 
Spanish consumption and/or used in different contexts than traditional bowls.  
In terms of composition and clay preparation, Pecos, Yungue, and other Galisteo 
Basin Pueblo soup plates have fewer voids and temper, suggesting they took longer to 
produce than Glaze F bowls. In contrast, San Marcos soup plates have more voids and 
temper than Glaze F bowls, suggesting the opposite trend. Alternatively, fewer voids in 
soup plates could be related to a different construction method, such as the use of a mold 
where wedging or compressing the clay into a mold could result in fewer voids. 
However, if molds were used to manufacture soup plates, we would expect vessel size 
(measured by rim diameter) to be very standardized. In fact, vessel size is not 
standardized enough to suggest mold construction (coefficients of variation of 19 and 27 
for sand/siltstone-tempered and vitric tuff-tempered soup plates, respectively). Another 
possibility is that Pueblo potters purposefully manufactured soup plates with lower 
porosity (i.e. fewer voids) and less temper because of their function as containers for 
serving soup. Interestingly, all of the temper types fit this model except San Marcos soup 
plates, which have more voids than Glaze F bowls. 
Additionally, soup plates tend to have thinner rims, higher frequencies of 
red/orange slips (bowls have higher frequencies of tan slips), and more incompletely 
oxidized firing atmospheres than Glaze F bowls. In the eastern Pecos/Galisteo Basin, 
soup plates also tend to have more luster on both interior and exterior surfaces than 
traditional bowls, and higher frequencies with black glaze-paint and lower frequencies 
with green glaze-paint. Conversely, in the northern Rio Arriba/Pajarito Plateau, soup 
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plates tend to have less luster than traditional bowls, and lower frequencies with black 
glaze-paint, but equal numbers with green glaze-paint. 
However, differences between vessel forms are subtle, and within the context 
(and confines) of the long-standing, Rio Grande glaze-paint ceramic tradition. For 
instance, despite some compositional differences (i.e. frequencies of clay to aplastics to 
voids) between vessel forms, the ternary diagrams presented in Chapter 6 show 
considerable overlap in the compositional groupings. Additionally, because temper size is 
relatively uniform between vessel forms, temper likely was processed in the same manner 
(similar amount of time spent grinding up the rocks for temper) for soup plates and 
traditional bowls. As such, the technology of colono wares is not as different as the new 
vessel forms themselves, and does not constitute a new ceramic tradition.  
Soup Plate Variability 
Soup plates are not only distinct from traditional bowls, they also vary among 
themselves. Regional and pueblo-specific variability in colono wares indicates that 
potters had flexibility to experiment with these new vessel forms within a range of norms 
(or technological styles) specific to each pueblo/region or community of potters. Because 
of this variability, it is likely that Pueblo potters manufactured these new vessels without 
strict Spanish guidelines or direct supervision. If Spaniards were in control of colono 
ware production, I would expect more uniformity throughout the colony of New Mexico, 
regardless of production locale. It appears that Pueblo potters did not manufacture soup 
plates as a result of forced labor; they likely chose to manufacture colono wares to supply 
a new, Spanish demand, and had flexibility to be innovative, as well as maintain and 
signal group (or place) membership. 
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Soup plates from each pueblo exhibit different aesthetics, suggesting that potters 
were signaling their identity (or place). Pecos soup plates, like the traditional bowls, are 
the most visually distinct because of their yellowish-white slip and a common cross 
motif. Yungue soup plates have a brick red slip with dark black paint, and a common 
zigzag line motif. San Marcos soup plates have an orange surface and many are not 
slipped at all. On the basis of slip color differences alone, these soup plates are readily 
distinguishable from each other. Additionally, soup plates exhibit pueblo-specific 
technological differences. For instance, Yungue soup plates have thin rims and thick 
vessel walls as compared to Pecos soup plates. These differences in slip color and vessel 
appearance may indicate social messaging or differences in local taste. Graves and Eckert 
(1998) have argued that this signaling is related to ideology or shared belief systems (see 
also Spielmann 1998). Similarly, Crown (1994) has suggested that color combinations on 
vessels, particularly polychromes and red wares, indicate some type of social affiliation. 
Soup plates also exhibit regional patterning related to vessel construction, 
morphology, decoration, and firing, between the northern Rio Arriba/Pajarito Plateau and 
eastern Pecos/Galisteo Basin. I infer that these regional differences represent distinct 
technological styles, formed because technical information was not being readily passed 
between communities of potters from each region. Interestingly, these regional 
differences coincide with the Biscuit and Glaze ceramic zones. Thus, interaction spheres 
(as well as the social barrier between them), which were established well before Spanish 
contact, were maintained into the early colonial period. Schaafsma’s (1980, 1994) work 
also has documented regional differences in rock art styles between the northern and 
eastern regions. For instance, the rock art styles within the (eastern) Glaze ware zone 
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exhibit much katchina iconography (Adams 1991, Crown 1994), such as masks and 
human figures, in contrast to the northern Tewa style, which has very few figures. Thus, 
ceramic technological aspects and rock art styles suggests there were significant 
differences in identity, interaction, and ideology, between Pueblo groups in the northern 
and eastern regions, and that the influx of Spanish newcomers did not disrupt these well-
established social boundaries. Once again, there is little evidence for Pueblo disruption or 
that Spaniards exerted hegemonic control over the colony of New Mexico. 
Through petrography, I also demonstrate that although intra-regional exchange in 
the northern Rio Arriba/Pajarito Plateau and eastern Pecos/Galisteo Basin was relatively 
common, inter-regional exchange was relatively rare (see also Habicht-Mauche 1995). 
These exchange patterns also were not altered substantially after the arrival of the 
Spaniards. One notable exception is that Pecos Glaze E bowls crosscut the social 
boundary, as they are quite common at pueblos in both regions during the early colonial 
period. Additionally, soup plates are distinct because they were not incorporated into the 
same exchange networks as traditional vessels, which likely was a result of them being 
produced primarily for Spanish consumption. While glaze-painted traditional bowls were 
exchanged frequently throughout the Rio Grande region, most (over 80 percent) of the 
soup plates were locally produced and consumed at each of the pueblos. In fact, all of the 
soup plates at Pecos were locally produced. 
Who Were the Producers of Colono Wares? 
As discussed previously, soup plates and traditional bowls were manufactured 
within the same overarching technological style of glaze-painted traditional ceramics, 
albeit slightly differently. Most of the technological variables examined could not be 
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easily copied because of their low visibility on a finished vessel; they could only be 
taught through direct learning within a community of practice. Therefore, the most 
parsimonious explanation of similar technologies between vessel forms is that Pueblo 
potters manufactured soup plates, rather than Spaniards or other newcomers.  
One possible explanation for the differences among vessel forms is that a small 
subset of Pueblo potters exclusively manufactured colono wares. Given that colono wares 
are present in very limited numbers in early colonial contexts in New Mexico, this 
possibility was worthwhile considering further. Coefficients of variation between soup 
plates and traditional bowls allow the comparison of standardization across vessel forms. 
The expectation was that if only a few individuals manufactured colono wares, these 
vessels would exhibit higher standardization than traditional bowls. Even though my 
study did not show that soup plates were more standardized, further analysis is warranted. 
Due to the low volume of soup plate production, it is possible that a subset of the potters 
manufactured soup plates, with considerable variation because they were making a few in 
many batches.  
Significance 
By focusing on Pueblo ceramics, this archaeological study provides insight into 
the lived lives of Pueblo women in the colony of New Mexico in a way that history does 
not. This dissertation demonstrates that Pueblo Indians in north-central New Mexico 
survived the gauntlet of Spanish conquest with their glaze-painted ceramic tradition 
relatively intact. In fact, the most dramatic change in the glaze-paint ceramic tradition 
involved the adoption of new, Spanish-influenced vessel forms (known as colono wares), 
with some subtle technological changes. In terms of the model, Hypothesis III is best 
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supported because several analytical approaches (i.e. petrographic, macroscopic, and 
chemical) all demonstrate technological stability in glaze-painted traditional bowls, with 
differences in colono wares only. These results indicate that Pueblo groups were resilient 
as well as innovative during the early colonial period. Even though Pueblo groups likely 
experienced some level of disruption and/or cultural change during this time, it appears 
that the intensity of Native-Spanish entanglement was low, which, in turn, resulted in the 
persistence of many Native traditions. As such, early colonial New Mexico is unique 
within the broader context of the Spanish Borderlands, especially when compared to the 
Southeast (i.e. Florida and the Caribbean) where Native peoples and their traditions were 
completely destroyed within a hundred years of the Columbus landfall.  
I chose to focus on colono wares because of a long-standing interest in cultural 
syncretism, which began during my undergraduate career at the University of California, 
Santa Cruz, when I examined religious syncretism in Cuba as a thesis topic, and later 
excavated a part of the multi-cultural, Spanish Presidio de San Francisco. Colono wares 
signal Spanish contact across the Spanish borderlands and materially represent Native-
Spanish syncretism. As such, these hybrid forms are a powerful means to examine Native 
continuity/change, and specifically how Native peoples incorporated new European 
elements in an active and innovative manner. Surprisingly, colono wares have never been 
systematically studied in the Southwest.  
This dissertation shows that colono wares are an important artifact class that 
provide significant insight into how Pueblo Indians responded to European conquest in 
New Mexico, and help to elucidate the complexity of acculturation. This study 
demonstrates that Pueblo potters were in control of pottery production during the 
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sixteenth and seventeenth centuries, and were not simply victims of Spanish conquest. 
Pueblo potters adopted colono wares, but made the new vessel forms their own by using 
their own technology and incorporating their own aesthetics. Additionally, colono wares 
were produced at low frequencies and with only subtle technological differences, 
suggesting that there was minimal accommodation by Pueblo potters, with no evidence of 
Spanish hegemonic control.  
In this study, I refute the Euro-centric idea that early interactions in colonial New 
Mexico were characterized by powerful Spaniards ruling over powerless (and passive) 
Pueblo subjects, with the inevitable result of Pueblo acculturation and the collapse of 
traditional lifeways. Pueblo groups were active players who incorporated new elements, 
including European-inspired vessels, within the context of their own cultural framework. 
Also, early Pueblo-Spanish interactions did not simply affect/change Pueblo culture. 
Direct and sustained contact in New Mexico resulted in two-way acculturation, in which 
Spaniards adopted Pueblo traits and vice versa. Because Spanish travel to New Mexico 
was arduous, taking several months by caravan, Spaniards were dependent on the Pueblo 
Indians for many of their goods, including ceramics. Additionally, because colono wares 
only occur in low frequencies in early colonial settings in New Mexico, it is very likely 
that Spaniards used traditional Pueblo vessel forms, not just colono ware forms. For this 
reason, this study refutes the idea that the Spaniards marched into the borderlands and 
were able to transplant their traditions to a new setting with no changes to its institutions 
(Bolton 1921). By contrast, this research supports the notion that Pueblo Indians in New 
Mexico had complex histories of survival (Rubertone 2000), and were active participants 
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in early colonial interactions. In sum, early colonial New Mexico was characterized by a 
considerable melding of cultures. 
Future Directions for Research 
Because this study focused on Pueblo ceramics, which were likely produced by 
women, it is unclear whether Pueblo resilience and innovation characterizes the general 
Pueblo experience or that of Pueblo women only. For instance, it is possible that Pueblo 
men may have experienced more stress and disruption as a result of the economic 
practices of encomienda and repartimiento. To evaluate whether certain segments of the 
Pueblo population (e.g. men, women, children, etc.) were affected differentially, other 
Pueblo craft technologies and traditions, such as architecture (e.g. adobe brick 
composition), lithic technology, basketry, and/or textiles, must be examined. Comparing 
the results of these studies will help to determine whether there is a consistent pattern of 
technological stability across all artifact classes, which will help to elucidate the 
complexity of the Pueblo experience in New Mexico during the early colonial period. 
Future research will include using this study as a springboard to compare the 
technology of seventeenth-century soup plates with eighteenth and nineteenth-century 
historic wares in New Mexico to track the evolution of modern Pueblo pottery. I will 
expand this analysis to include additional vessel forms, such as baptismal fonts, 
candlesticks, and chamber pots. Incorporating additional colono ware forms will 
elucidate whether soup plates are unique within (or representative of) this artifact class. 
Some colono ware forms, such as religious/specialty items, may have been manufactured 
under tighter Spanish control, whereas other forms, such as serving wares (i.e. soup 
plates), may have been produced with less Spanish guidance because of their general 
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function, as well as their appeal to a more heterogeneous group of consumers (i.e. both 
Spaniards, Native peoples, etc.).  
Also, I plan to fully characterize the vitric tuff-tempered ceramics. Unexpectedly, 
this dissertation supports the claim that potters at Yungue produced Glaze F ceramics, 
including both colono wares and traditional vessels. Because Yungue is located in the 
Chama (Rio Arriba District), within the Biscuit ceramic zone, it is typically assumed that 
glaze-painted ceramics were not produced there. Ceramic assemblages in the Chama (Rio 
Arriba District) typically have almost no glaze-painted ceramics (approximately one 
percent of the decorated wares) (Creamer 2000b). However, in Johnson’s “A Note on the 
Excavation of Yungue, San Gabriel” (1961), he mentions the possibility of glaze-painted 
ceramic production at Yungue. In fact, Ellis defined locally-made glaze-painted ceramics 
as “Yungue Glaze Polychrome” (Honea 1966). Earlier, Shepard (1942) came to the same 
conclusion that glaze-painted ceramics were likely produced at Yungue and Puye, both in 
the Española valley. Shepard (1942) noted that there were small numbers of glaze-
painted pottery at Rio Arriba sites, such as Yungue and San Ildefonso pueblos, with a 
Biscuit-like paste (i.e. thick walled, light weight, porous) and a red slip that is “soft and 
peculiar in color” for glaze-painted pottery.  
Yungue potters may have begun to manufacture glaze-painted ceramics to supply 
a new, Spanish demand (assuming Spaniards preferred glaze-painted ceramics) by simply 
adding glaze-paint to their ceramics (i.e. Tewa Red with added glaze-paint). 
Alternatively, glaze-painted ceramic production at Yungue may indicate that new potters 
from the south began to marry into this community. To address these issues, I plan to 
compare the technology of Yungue glaze-painted ceramics with contemporaneous Tewa 
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wares, as well as to fully characterize the glaze-paint (including determining chemically 
the source of the lead). 
On a broader scale, this study could be used as a springboard to examine the 
variability of colono wares across the Spanish Empire. This study has demonstrated that 
colono wares in New Mexico were manufactured by Pueblo potters who had the 
flexibility to be innovative and creative, and were able to maintain and signal their 
identity. However, in many colonial contexts, Native resilience was not the norm. My 
archaeological model of Pueblo resilience, disruption, and/or innovation (Figure 4.3) 
could be applied to other early colonial settings, beyond the Southwest Borderlands, in 
order to elucidate the varied experiences of Native peoples after their first encounters 
with European (and other) populations. 
My model also could be tested with other hybrid material culture, including 
architecture, metallurgy, and personal adornment. Hybrid material culture, which Deagan 
(2009) has defined broadly as “the amalgamation of material traits from at least two 
antecedent traditions”, is a powerful medium for understanding early colonial 
interactions. Because other technologies may be less conservative than ceramic 
technology, the study of other hybrid material culture may help to elucidate the complex 
and dynamic process of acculturation, and its long-lasting effects, in terms of Native 
persistence, resilience, disruption, and ethnogenesis.  
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Table A-1.  Basic Data and Provenience Information for Ceramic Sample 
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Table A-2.  Ceramic Types in Sample 
Type Code Ceramic Type 
EGR Espinoso Glaze-on-red (Glaze C) 
EGY Espinoso Glaze-on-yellow (Glaze C) 
EGP Espinoso Glaze-on-polychrome (Glaze C) 
SLR San Lázaro Glaze-on-red (Glaze D) 
SLY San Lázaro Glaze-on-yellow (Glaze D) 
SLP San Lázaro Glaze-on-polychrome (Glaze D) 
PUR Puaray Glaze-on-red (Glaze E) 
PUY Puaray Glaze-on-yellow (Glaze E) 
PUP Puaray Glaze-on-polychrome (Glaze E) 
PGR Pecos Glaze-on-red (Glaze F) 
PGY Pecos Glaze-on-yellow (Glaze F) 
PGP Pecos Glaze-on-polychrome (Glaze F) 
KGR Kotyiti Glaze-on-red (Glaze F) 
KGY Kotyiti Glaze-on-yellow (Glaze F) 
KGP Kotyiti Glaze-on-polychrome (Glaze F) 
IGB Indeterminate Glaze-on-brown 
IGR Indeterminate Glaze-on-red 
IGW Indeterminate Glaze-on-white 
IGX Indeterminate Glaze pottery 
ISR Indeterminate Slipped Red 
ISY Indeterminate Slipped Yellow 
IPG Plain Smooth Utility (gray/black) 
KAP Kapo Black 
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Sherd Number Clay % Aplastics % Void % Temper Type 
GOVE01 68.42 30.92 0.66 vitric tuff 
GOVE02 72.83 26.09 1.09 augite monzonite 
GOVE03 55.63 38.73 5.63 sand/siltstone 
GOVE04 59.00 37.55 3.45 sand/siltstone 
GOVE06 54.72 42.45 2.83 sand/siltstone 
GOVE07 59.31 36.27 4.41 sand/siltstone 
GOVE08 60.85 30.16 8.99 sand/siltstone 
GOVE09 61.60 32.80 5.60 sand/siltstone 
GOVE10 61.73 36.22 2.04 sand/siltstone 
GOVE13 46.31 47.29 6.40 sand/siltstone 
GOVE14 46.61 47.03 6.36 sand/siltstone 
GOVE15 55.14 42.52 2.34 sand/siltstone 
GOVE16 47.54 41.80 10.66 sand/siltstone 
GOVE17 59.31 35.29 5.39 sand/siltstone 
GOVE18 53.52 41.31 5.16 sand/siltstone 
GOVE19 53.65 40.77 5.58 sand/siltstone 
GOVE20 54.29 42.86 2.86 sand/siltstone 
GOVE21 57.08 34.70 8.22 sand/siltstone 
GOVE22 58.80 38.43 2.78 olivine basalt 
GOVE23 52.47 41.26 6.28 sand/siltstone 
GOVE24 51.35 40.99 7.66 sand/siltstone 
GOVE25 59.00 32.50 8.50 sand/siltstone 
GOVE26 58.21 33.33 8.46 tuff rocks 
GOVF01 72.45 25.51 2.04 vitric tuff 
GOVF02 44.51 40.46 15.03 hornblende Latite 
GOVF03 48.62 36.70 14.68 hornblende Latite 
GOVF04 61.79 26.42 11.79 hornblende Latite 
GOVF05 55.88 33.19 10.92 hornblende Latite 
GOVF06 66.54 23.74 9.73 hornblende Latite 
GOVF07 44.20 41.96 13.84 hornblende latite 
GOVF08 47.59 42.17 10.24 sand/siltstone 
GOVF09 62.86 32.57 4.57 hornblende latite 
GOVF10 61.67 32.16 6.17 hornblende latite 
GOVF11 51.20 37.80 11.00 hornblende latite 
GOVF12 68.00 30.80 1.20 vitric tuff 
GOVF13 53.39 39.83 6.78 pajarito andesite 
GOVF14 47.59 35.17 17.24 granitoid 
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GOVF15 63.10 29.41 7.49 augite monzonite 
GOVF16 71.37 20.94 7.69 hornblende latite 
GOVF17 71.72 22.73 5.56 hornblende latite 
GOVF18 73.21 25.60 1.19 tuff rocks 
GOVF19 60.17 33.90 5.93 hornblende latite 
GOVF20 57.61 36.96 5.43 tuff rocks 
GOVF21 49.50 43.50 7.00 augite monzonite 
GOVF22 60.00 26.21 13.79 hornblende latite 
GOVF23 62.00 33.33 4.67 hornblende latite 
GOVF24 59.34 37.36 3.30 hornblende latite 
GOVF25 60.81 33.78 5.41 hornblende latite 
GOVF26 53.33 38.89 7.78 hornblende latite 
GOVF27 63.79 31.47 4.74 hornblende latite 
GOVF28 70.36 25.30 4.35 hornblende latite 
GOVF29 68.97 26.11 4.93 tuff rocks 
GOVF30 59.15 39.15 1.70 augite monzonite 
GOVF31 49.11 43.30 7.59 augite monzonite 
GOVF32 55.35 40.47 4.19 olivine basalt 
GOVF33 62.50 31.25 6.25 hornblende latite 
GOVF35 56.12 32.14 11.73 hornblende latite 
GOVF36 46.81 47.34 5.85 tuff rocks 
GOVSP01 77.58 21.52 0.90 hornblende latite 
GOVSP02 56.82 34.09 9.09 hornblende latite 
GOVSP03 65.92 31.84 2.24 hornblende latite 
GOVSP04 79.20 19.03 1.77 hornblende latite 
GOVSP05 67.60 26.82 5.59 hornblende latite 
GOVSP06 64.29 29.37 6.35 Gal. Basin indet. 
GOVSP07 61.01 32.70 6.29 sand/siltstone 
GOVSP09 65.29 30.58 4.13 hornblende latite 
GOVSP10 52.91 42.60 4.48 augite monzonite 
GOVSP11 59.04 38.30 2.66 hornblende latite 
GOVSP12 69.85 27.64 2.51 hornblende latite 
GOVSP13 56.02 39.00 4.98 hornblende latite 
GOVSP14 60.74 35.58 3.68 hornblende latite 
GOVSP15 73.02 25.58 1.40 augite monzonite 
GOVSP16 56.68 38.50 4.81 augite monzonite 
GOVSP17 61.92 33.05 5.02 pajarito andesite 
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GOVSP18 62.39 33.19 4.42 hornblende latite 
GOVSP19 66.49 22.68 10.82 augite monzonite 
GOVSP20 82.01 17.15 0.84 vitric tuff 
GOVSP21 78.82 20.69 0.49 vitric tuff 
GOVSP22 75.63 23.86 0.51 vitric tuff 
GOVSP23 62.68 28.71 8.61 hornblende latite 
GOVSP24 74.65 23.00 2.35 hornblende latite 
GOVSP25 82.83 14.16 3.00 vitric tuff 
GOVSP26 49.57 43.91 6.52 vitric tuff 
GOVSP27 66.93 32.28 0.79 hornblende latite 
GOVSP28 65.73 30.99 3.29 vitric tuff 
GOVSP29 80.95 16.67 2.38 vitric tuff 
GOVSP30 53.50 41.40 5.10 hornblende latite 
GOVSP31 68.70 28.86 2.44 vitric tuff 
PECC01 41.38 48.28 10.34 sand/siltstone 
PECC02 38.76 40.67 20.57 sand/siltstone 
PECC03 41.01 46.08 12.90 sand/siltstone 
PECC04 61.27 30.39 8.33 hornblende latite 
PECC05 52.68 34.82 12.50 sand/siltstone 
PECC06 65.49 29.20 5.31 sand/siltstone 
PECC07 48.28 41.87 9.85 sand/siltstone 
PECC08 49.48 39.18 11.34 sand/siltstone 
PECC09 36.21 52.16 11.64 sand/siltstone 
PECC10 46.05 41.23 12.72 sand/siltstone 
PECC11 57.03 38.96 4.02 hornblende latite 
PECC12 36.55 43.15 20.30 sand/siltstone 
PECC13 55.50 38.22 6.28 sand/siltstone 
PECC14 56.25 33.52 10.23 sand/siltstone 
PECC15 53.71 35.37 10.92 sand/siltstone 
PECD01 43.01 47.31 9.68 sand/siltstone 
PECD02 68.80 29.06 2.14 sand/siltstone 
PECD03 54.18 38.65 7.17 sand/siltstone 
PECD04 36.97 56.40 6.64 sand/siltstone 
PECD05 32.68 48.78 18.54 sand/siltstone 
PECD06 44.10 47.16 8.73 sand/siltstone 
PECD07 55.50 35.60 8.90 sand/siltstone 
PECD08 49.25 36.18 14.57 hornblende latite 
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PECD09 46.49 45.61 7.89 sand/siltstone 
PECD10 46.60 39.32 14.08 sand/siltstone 
PECD11 62.71 31.78 5.51 tuff rocks 
PECD12 60.95 36.67 2.38 sand/siltstone 
PECD13 51.69 36.71 11.59 sand/siltstone 
PECD14 52.11 37.09 10.80 sand/siltstone 
PECD15 59.27 37.10 3.63 sand/siltstone 
PECE01 61.50 29.65 8.85 sand/siltstone 
PECE02 36.48 46.31 17.21 sand/siltstone 
PECE03 48.15 45.06 6.79 sand/siltstone 
PECE05 51.94 42.72 5.34 sand/siltstone 
PECE06 44.76 43.81 11.43 sand/siltstone 
PECE07 47.95 35.16 16.89 sand/siltstone 
PECE08 37.08 41.25 21.67 sand/siltstone 
PECE09 57.80 36.99 5.20 sand/siltstone 
PECE10 53.24 32.87 13.89 sand/siltstone 
PECE11 47.34 39.13 13.53 sand/siltstone 
PECE12 50.72 37.32 11.96 sand/siltstone 
PECE13 48.82 36.97 14.22 sand/siltstone 
PECE14 55.02 34.93 10.04 sand/siltstone 
PECE15 44.63 39.26 16.12 sand/siltstone 
PECE16 54.08 34.33 11.59 sand/siltstone 
PECF01 56.31 31.08 12.61 hornblende latite 
PECF02 50.19 36.96 12.84 hornblende latite 
PECF03 58.49 35.85 5.66 augite monzonite 
PECF04 55.83 39.32 4.85 hornblende latite 
PECF05 54.92 36.89 8.20 sand/siltstone 
PECF06 48.15 44.44 7.41 sand/siltstone 
PECF07 42.92 47.64 9.43 sand/siltstone 
PECF08 38.70 47.39 13.91 hornblende latite 
PECF09 53.77 39.70 6.53 sand/siltstone 
PECF10 55.98 35.41 8.61 hornblende latite 
PECF11 56.22 35.62 8.15 hornblende latite 
PECF12 37.14 52.65 10.20 sand/siltstone 
PECF13 68.38 26.09 5.53 hornblende latite 
PECF14 49.77 37.67 12.56 hornblende latite 
PECF15 40.11 45.45 14.44 sand/siltstone 
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PECSP01 46.63 44.94 8.43 sand/siltstone 
PECSP02 46.45 47.39 6.16 sand/siltstone 
PECSP03 61.22 36.73 2.04 sand/siltstone 
PECSP04 41.83 43.75 14.42 sand/siltstone 
PECSP05 42.79 46.51 10.70 sand/siltstone 
PECSP06 48.69 43.46 7.85 sand/siltstone 
PECSP07 40.20 48.74 11.06 sand/siltstone 
PECSP08 39.15 50.94 9.91 sand/siltstone 
PECSP09 38.66 53.09 8.25 sand/siltstone 
PECSP10 48.53 50.00 1.47 sand/siltstone 
PECSP11 45.78 39.16 15.06 sand/siltstone 
PECSP12 57.28 35.68 7.04 sand/siltstone 
PECSP13 45.81 40.09 14.10 sand/siltstone 
PECSP14 41.98 52.36 5.66 sand/siltstone 
PECSP15 50.00 40.08 9.92 sand/siltstone 
PECSP16 44.74 42.11 13.16 sand/siltstone 
PECSP17 45.32 41.87 12.81 sand/siltstone 
PECSP18 54.34 35.16 10.50 sand/siltstone 
PECSP19 62.56 30.54 6.90 sand/siltstone 
PECSP20 52.56 36.32 11.11 sand/siltstone 
PECSP21 61.86 34.88 3.26 sand/siltstone 
PECSP22 51.10 39.65 9.25 sand/siltstone 
PECSP23 52.91 37.67 9.42 sand/siltstone 
PECSP24 47.57 49.03 3.40 sand/siltstone 
PECSP25 51.20 37.80 11.00 sand/siltstone 
PECSP26 46.33 45.41 8.26 sand/siltstone 
PECSP27 59.80 34.31 5.88 sand/siltstone 
PECSP28 61.29 30.88 7.83 sand/siltstone 
PECSP29 65.03 26.78 8.20 sand/siltstone 
PECSP30 46.63 41.45 11.92 sand/siltstone 
SMC01 60.00 35.33 4.67 augite monzonite 
SMC03 69.04 25.89 5.08 hornblende latite 
SMC05 68.35 27.85 3.80 augite monzonite 
SMC06 51.15 38.17 10.69 augite monzonite 
SMC07 55.22 37.31 7.46 augite monzonite 
SMC08 65.33 33.33 1.33 augite monzonite 
SMC09 66.22 31.08 2.70 augite monzonite 
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SMC10 62.16 32.43 5.41 augite monzonite 
SMC11 66.20 30.99 2.82 augite monzonite 
SMC12 59.31 40.00 0.69 augite monzonite 
SMC13 36.70 50.46 12.84 augite monzonite 
SMC14 62.33 33.56 4.11 augite monzonite 
SMC15 58.11 36.49 5.41 augite monzonite 
SMC16 59.07 38.82 2.11 augite monzonite 
SMC17 66.89 29.73 3.38 augite monzonite 
SMC18 69.13 27.52 3.36 augite monzonite 
SMC19 54.59 38.43 6.99 hornblende latite 
SMC20 57.79 35.71 6.49 augite monzonite 
SMC21 53.29 41.45 5.26 augite monzonite 
SMC22 66.01 30.72 3.27 augite monzonite 
SMC23 63.05 35.96 0.99 basalt, vitro 
SMC24 63.69 35.03 1.27 augite monzonite 
SMC25 45.10 48.37 6.54 augite monzonite 
SMD01 57.21 36.54 6.25 hornblende latite 
SMD02 52.50 44.00 3.50 latite 
SMD03 55.86 40.69 3.45 augite monzonite 
SMD04 61.46 35.12 3.41 hornblende latite 
SMD05 60.27 38.36 1.37 augite monzonite 
SMD06 57.46 39.55 2.99 augite monzonite 
SMD07 45.58 48.30 6.12 augite monzonite 
SMD08 42.57 50.50 6.93 hornblende latite 
SMD09 66.22 33.11 0.68 augite monzonite 
SMD10 57.53 39.04 3.42 augite monzonite 
SMD11 40.96 54.82 4.22 hornblende latite 
SMD13 44.39 50.24 5.37 augite monzonite 
SMD14 59.59 37.67 2.74 augite monzonite 
SMD16 55.78 34.01 10.20 augite monzonite 
SMD17 48.44 44.89 6.67 hornblende latite 
SMD18 64.00 34.00 2.00 augite monzonite 
SMD19 60.81 36.49 2.70 augite monzonite 
SMD20 60.26 39.74 0.00 augite monzonite 
SMD21 62.58 32.26 5.16 augite monzonite 
SMD22 51.68 42.28 6.04 augite monzonite 
SMD25 44.55 44.06 11.39 hornblende latite 
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SME01 46.29 51.09 2.62 latite 
SME03 54.68 43.88 1.44 augite monzonite 
SME04 51.88 36.82 11.30 sand/siltstone 
SME05 63.09 33.56 3.36 augite monzonite 
SME06 52.67 46.00 1.33 augite monzonite 
SME07 64.00 33.33 2.67 augite monzonite 
SME08 61.38 33.79 4.83 augite monzonite 
SME10 50.22 34.53 15.25 sand/siltstone 
SME11 60.00 37.93 2.07 augite monzonite 
SME12 65.77 34.23 0.00 augite monzonite 
SME13 56.94 38.43 4.63 hornblende latite 
SME14 64.22 33.49 2.29 hornblende latite 
SME15 57.72 39.60 2.68 augite monzonite 
SME16 62.21 29.03 8.76 hornblende latite 
SME17 54.87 34.96 10.18 hornblende latite 
SME18 53.44 41.30 5.26 hornblende latite 
SME19 43.15 54.79 2.05 augite monzonite 
SME20 49.32 43.15 7.53 augite monzonite 
SME21 42.73 37.27 20.00 sand/siltstone 
SME22 56.49 33.77 9.74 augite monzonite 
SME23 45.79 44.86 9.35 hornblende latite 
SME25 41.67 36.76 21.57 hornblende latite 
SMF01 62.91 31.13 5.96 augite monzonite 
SMF02 52.41 43.45 4.14 augite monzonite 
SMF03 76.47 20.26 3.27 augite monzonite 
SMF04 60.00 36.55 3.45 augite monzonite 
SMF05 67.79 30.20 2.01 augite monzonite 
SMF06 61.90 34.01 4.08 augite monzonite 
SMF07 59.18 40.14 0.68 augite monzonite 
SMF08 64.63 31.29 4.08 augite monzonite 
SMF11 62.16 37.16 0.68 augite monzonite 
SMF12 72.29 26.51 1.20 augite monzonite 
SMF13 60.40 36.91 2.68 augite monzonite 
SMF14 61.33 32.67 6.00 augite monzonite 
SMF15 60.67 31.33 8.00 augite monzonite 
SMF16 64.00 32.00 4.00 augite monzonite 
SMF17 60.93 32.45 6.62 augite monzonite 
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SMF18 61.59 34.44 3.97 augite monzonite 
SMF19 50.41 39.75 9.84 hornblende latite 
SMF20 48.06 37.98 13.95 hornblende latite 
SMF22 53.27 35.51 11.21 augite monzonite 
SMF23 53.20 36.95 9.85 hornblende latite 
SMF24 60.67 34.67 4.67 augite monzonite 
SMF25 57.33 34.00 8.67 augite monzonite 
SMSP01 58.10 36.19 5.71 hornblende latite 
SMSP02 61.64 32.70 5.66 augite monzonite 
SMSP03 55.77 32.69 11.54 augite monzonite 
SMSP04 60.53 38.42 1.05 augite monzonite 
SMSP05 45.45 42.66 11.89 hornblende latite 
SMSP06 68.16 29.61 2.23 hornblende latite 
SMSP07 57.14 36.16 6.70 hornblende latite 
SMSP08 56.00 38.67 5.33 augite monzonite 
SMSP09 58.91 33.66 7.43 augite monzonite 
SMSP10 44.44 40.58 14.98 augite monzonite 
SMSP11 49.73 41.08 9.19 augite monzonite 
SMSP12 38.89 45.14 15.97 augite monzonite 
SMSP13 51.87 41.18 6.95 augite monzonite 
SMSP14 61.37 34.76 3.86 augite monzonite 
SMSP15 59.67 36.21 4.12 hornblende latite 
SMSP16 57.94 39.25 2.80 augite monzonite 
SMSP17 57.69 30.77 11.54 augite monzonite 
SMSP18 53.17 38.54 8.29 unknown - sand? 
SMSP19 54.72 38.21 7.08 augite monzonite 
SMSP20 59.50 33.00 7.50 augite monzonite 
SMSP21 50.56 40.45 8.99 augite monzonite 
SMSP22 53.78 40.44 5.78 augite monzonite 
SMSP23 52.04 30.77 17.19 augite monzonite 
SMSP24 59.91 37.79 2.30 augite monzonite 
SMSP25 51.28 41.03 7.69 augite monzonite 
SMSP26PLAIN 60.29 38.24 1.47 sandy monzonite 
SMSP27PLAIN 36.69 37.87 25.44 basalt 
SMSP28PLAIN 62.42 32.89 4.70 sandy monzonite 
SMSP29PLAIN 63.40 33.99 2.61 sandy monzonite 
SMSP30PLAIN 57.01 35.98 7.01 augite monzonite 
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SMSP31PLAIN 63.02 32.29 4.69 sandy monzonite 
SMSP32PLAIN 52.73 41.82 5.45 sandy monzonite 
SMSP33PLAIN 50.70 42.25 7.04 hornblende latite 
SMSP34PLAIN 55.19 39.62 5.19 augite monzonite 
SMSP35PLAIN 36.68 51.26 12.06 sandy monzonite 
SMSP36PLAIN 43.39 47.62 8.99 hornblende latite 
SMSP37PLAIN 51.81 40.36 7.83 sand/siltstone 
SMSP38PLAIN 51.31 37.70 10.99 basalt 
SMSP39PLAIN 53.00 31.80 15.21 augite monzonite 
YUNC01 71.90 26.67 1.43 basalt, vesicular 
YUNC02 63.24 30.39 6.37 hornblende latite 
YUND01 69.00 28.82 2.18 hornblende latite 
YUND02 63.83 34.04 2.13 tuff rocks 
YUND04 59.11 36.03 4.86 tuff rocks 
YUND05 64.36 34.16 1.49 tuff rocks 
YUND06 59.20 36.78 4.02 pajarito andesite 
YUND07 67.11 31.11 1.78 vitric tuff 
YUND08 64.47 30.26 5.26 basalt, vesicular 
YUND09 59.35 34.58 6.07 tuff rocks 
YUND10 67.32 26.34 6.34 tuff rocks 
YUND11 64.32 33.48 2.20 vitric tuff 
YUND13 51.92 42.31 5.77 pajarito andesite 
YUND14 58.99 36.87 4.15 tuff rocks 
YUND16 58.18 36.82 5.00 tuff rocks 
YUND17 60.00 33.50 6.50 tuff rocks 
YUND18 62.92 33.75 3.33 tuff rocks 
YUND19 53.15 42.34 4.50 tuff rocks 
YUND20 74.88 24.64 0.47 vitric tuff 
YUND21 63.64 29.09 7.27 hornblende latite 
YUNE01 46.89 44.98 8.13 sand/siltstone 
YUNE02 74.31 24.31 1.38 vitric tuff 
YUNE03 59.40 36.32 4.27 sand/siltstone 
YUNE04 64.36 30.20 5.45 pajarito andesite 
YUNE05 49.08 33.74 17.18 hornblende monzonite 
YUNE06 39.90 48.99 11.11 sand/siltstone 
YUNE07 52.65 40.41 6.94 sand/siltstone 
YUNE08 47.83 39.53 12.65 vitric tuff 
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YUNE09 46.70 48.11 5.19 pajarito andesite 
YUNE10 71.63 26.92 1.44 pajarito andesite 
YUNE11 66.27 32.53 1.20 sand/siltstone 
YUNE12 64.94 28.78 6.27 olivine basalt 
YUNF01 59.31 36.80 3.90 vitric tuff 
YUNF02 72.35 27.65 0.00 vitric tuff 
YUNF03 76.05 22.75 1.20 vitric tuff 
YUNF04 67.56 28.00 4.44 vitric tuff 
YUNF05 56.42 40.37 3.21 tuff rocks 
YUNF06 64.10 35.47 0.43 vitric tuff 
YUNF08 65.45 33.18 1.36 vitric tuff 
YUNF09 52.58 40.85 6.57 pajarito andesite 
YUNF10 38.86 49.29 11.85 hornblende latite 
YUNF11 48.10 44.29 7.62 pajarito andesite 
YUNF12 53.00 42.50 4.50 pajarito andesite 
YUNF13 47.67 47.67 4.65 vitric tuff 
YUNF14 63.35 33.03 3.62 vitric tuff 
YUNF15 64.81 32.19 3.00 vitric tuff 
YUNF16 58.57 32.86 8.57 vitric tuff 
YUNF17 63.50 32.50 4.00 pajarito andesite 
YUNF18 59.57 34.04 6.38 vitric tuff 
YUNF19 49.05 40.48 10.48 vitric tuff 
YUNF20 57.89 38.76 3.35 pajarito andesite 
YUNF21 43.35 46.80 9.85 pajarito andesite 
YUNF22 53.66 41.95 4.39 pajarito andesite 
YUNF23 67.12 25.34 7.53 vitric tuff 
YUNF24 67.31 27.88 4.81 vitric tuff 
YUNF25 64.65 29.77 5.58 vitric tuff 
YUNSP01 71.00 28.50 0.50 vitric tuff 
YUNSP02 65.75 32.88 1.37 vitric tuff 
YUNSP03 44.39 38.79 16.82 augite monzonite 
YUNSP04 75.50 21.00 3.50 vitric tuff 
YUNSP05 69.50 27.50 3.00 vitric tuff 
YUNSP06 66.49 31.44 2.06 vitric tuff 
YUNSP07 73.50 24.50 2.00 vitric tuff 
YUNSP08 82.38 16.30 1.32 vitric tuff 
YUNSP09 75.24 22.38 2.38 vitric tuff 
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YUNSP10 69.82 29.59 0.59 vitric tuff 
YUNSP11 69.42 27.69 2.89 vitric tuff 
YUNSP12 54.29 36.67 9.05 augite monzonite 
YUNSP13 74.15 23.31 2.54 vitric tuff 
YUNSP14 77.73 18.78 3.49 vitric tuff 
YUNSP15 65.33 30.67 4.00 vitric tuff 
YUNSP16 74.88 22.71 2.42 vitric tuff 
YUNSP17 70.64 28.44 0.92 vitric tuff 
YUNSP18 63.18 34.33 2.49 vitric tuff 
YUNSP19 75.12 22.89 1.99 vitric tuff 
YUNSP20 77.54 21.61 0.85 vitric tuff 
YUNSP21 90.37 6.88 2.75 vitric tuff 
YUNSP22 70.73 27.80 1.46 vitric tuff 
YUNSP23 50.22 40.26 9.52 pajarito andesite 
YUNSP24 69.27 27.06 3.67 vitric tuff 
YUNSP25 72.52 24.43 3.05 vitric tuff 
YUNSP26 62.67 35.02 2.30 vitric tuff 
YUNSP27 53.69 34.98 11.33 pajarito andesite 
YUNSP28 44.10 51.09 4.80 pajarito andesite 
YUNSP29 64.90 32.24 2.86 vitric tuff 
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Appendix C   
Macroscopic Variables 
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Appendix D   
Instrumental Neutron Activation Analysis Report 
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